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FLUOR DANIEL
NORTHWEST

CALCULATION IDENTIFICATION AND INDEX

TPage

i of ii

Date

1/7 /1997

This sheet shows the status and description of the attached Design Analysis sheets.

Discipline

27,Piping and Vessels

Project No. & Name
Calculation Item

WO/Job No. w320/ER9142 Calculation No.

W320~-27-044

Project W-320 Waste Retrieval for Tank 241-C-106

SLUICER NOZZLE FORCE ANALYSIS

These calculations apply to:

Dwg. No. H-2-818551 and H-2-818555 Rev. No. 1
Dwg. No. . Rev. No. 1
Other (Study, CDR)
Rev. No.
The status of these calculations is:
O Preliminary Calculations
Final Calculations cade . wHo-2%-03>
[J cCheck Calculations (On Calculation Dated )
O Void Calculation (Reason Voided
)
Incorporated in Final Drawings? Yes O No
This calculation verified by independent "check” calculation? O Yes No
Original and Revised Calculation Approvals:
Rev. 0 Rev. 1 Rev. 2
Signature / Date Signature / Date Signature / Date
Originator "L iicn L ~Sbmil
/=17 -377
Checked by -
. o1-1¥-9
Approved by 4 5 b —
R e s
Checked Against W
Approved Vendor Data \_, . .//4_ nag,
INDEX
Design Analysis Description
Page No.
i Calculation Identification and Index
ii Calculation Cross Index
1 Objective, Design Inputs, Assumptions, Method of Analysis
and References
2-3 Calculations
3 Conclusion

HNF-2477, Rev. 0
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FL UOR DANIEL Cale. No.:  W-320-27-044

Revision No.: 0
NORTHWEST DESIGN ANALYSIS PageNo.: 1 of 3
client: NUMATEC HANFORD COMPANY WO/Job No.: W-320/ E09142  Filename: nozzle.mcd
. \ subject: SLUICER NOZZLE FORCE ANALYSIS Date: 1/7197 By: D.L. STONE
' PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked: ©t/ 7 /97 By: s, J. SUPLO
Location: C TANK FARM - HANFORD 200 EAST AREA  Revised: By:
OBJECTIVE:

The objective of this calculation is to calculate the hydraulic forces imposed at the sluicer nozzle.

DESIGN INPUTS:

1. Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria
(WHC document No. WHC-SD-W320-FDC-001, Rev. 2).

2. Project W-320 Drawing # H-2-818551, Rev.1

ASSUMPTIONS:

None

METHOD of ANALYSIS:

Bernoulli's Momentum equation for steady flow.

Calculations performed by Mathcad 6.0, MathSoft, Inc.

REFERENCES:
1. Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria
(WHC document No. WHC-SD-W320-FDC-001, Rev. 2 ).
2. Engineering Fluid Mechanics, J.A. Roberson & C.T. Crowe, 4th Edition, 1990
3. Crane Technical Paper No. 410, Flow of Fluids Through Pipes, Fittings and Valves, 25th Printing, 1988
4. Project W-320 Drawing # H-2-818551, Rev.1
5. Project W-320 Drawing # H-2-818555, Rev.1

DATA:

e e . ft gal

Unit Initialization :  centipoise  cp := 0.01-poise g=32174— ==

2 min

sec
SG:=1.12 Specific Gravity (10% solids loading) (Ref. 1)
Q :=350-gpm Flowrate (Ref. 1)
PH20 = 62.4~1—‘; Mass Density of Water at Temperature Shown (Ref. 3)
ft
dq:=25in Bend (Swivel) 1D and Nozzle entrance diameter (Ref. 4 & 5)

o dp= 1000 Nozzle exit diameter (Ref. 4)

HNF-2477, Rev. 0
Page A-3



FL UOR DANIEL Calc. No.:  W-320-27-044

Revision No: 0

NORTHWEST DESIGN ANALYSIS PageNo.. 2 of 3
client: NUMATEC HANFORD COMPANY WO/Job No.: W-320/ E09142  Filename: nozzle.mcd
7  Subject: SLUICER NOZZLE FORCE ANALYSIS Date: 177197 By: D.L. STONE
©.» PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Checked: &t / 13 /A7 By: M., JUFPLO
Location: C TANK FARM - HANFORD 200 EAST AREA  Revised: By:
CALCULATIONS:
p=8Gp0 p=69.888 B Mass Density of Process Fluid
2
Iof . . .
v:=pg ¥ =69.888 - Fluid Specific Weight
ft
wd 2
A= . A1 =0.034-f Nozzle entrance flow area
md 22 2
Ay= p A 5 =0.005-f Nozzle exit flow area
Viq:= 2 Vq1=22876- f Nozzle entrance velocity (Ref. 2, pg. 115) |
157 1
1 sec
Q ft . .
Voy=— Vo =142.974 -— Nozzle exit velocity (Ref. 2, pg. 115)
Ay sec

Energy dissipated by the Nozzle is found from the conservation of mass and energy
as applied in the Bemoulli Equation:

2

Py V, P, V,
—+ + = — z
Y g z1 y * 2g tZa . (Ref. 2, pg. 169)
APV = ApV, =Q
Czg =z
2 2
(Prpz) (V2 -y
Y 2g
viE-v?
AP=|—2 1y AP =150.23 -psi
2g

Since Py:=0psi —> Pp=AP-P, P 1 =150.23psi

Momentum equation for forces on a nozzle (Ref. 2, pg. 221)
SFz 34 :
+ - [
ZF,=0= Frozle*PrA1-PoAs# pQV #pQV) <
o A —— B4
N . _ “L32.5% \‘/\‘_— :\/:2
" Frozgle * PQ(V1- Vo) #P1rA1#PyAy  F oo =:240874 1o ) :
2.
% 4\“’\“% FIGURE 7

HNF-2477,Rev. 0



FLUOR DANIEL
NORTHWEST DESIGN ANALYSIS

Client: NUMATEC HANFORD COMPANY

Subject: SLUICER NOZZLE FORCE ANALYSIS

PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106
Location: C TANK FARM - HANFORD 200 EAST AREA

WONob No.: W-320/ E09142
Date: 177197
Checked: ©V/ V1 /371
Revised:

Cale. No.:  W-320-27-044
Revision No.: 0
PageNo: 3 of 3

Filename: nozzle.mcd
By: D.L. STONE
By: ¥.J.JUPLO

For 90° bend:
~d 12 2
Ag= ) A1 =0.034-R Bend entrance flow area
Ay=hA, Ay =0034-87 Bend exit flow area
Q ft .
Vi=— V1=22876— Bend entrance velocity
174 1
1 sec
Q ft . .
Vo=— V9 =22.876— Bend exit velocity
Ay sec

Py=Py P =150.23 -psi
=F =AM

Fpend tP1A1-PyAy = pV(Vi-A)+pVy(VyAy)

ZF=0= Ry-Pya,#pQV,
742

4
Ry=PyA,2pQV, Rx=698—.692~1bf®9_~2
A

EFy=0=-Ry—P1-A1—p-Q-V2

“Ry=P-A1+pQVy  Ry=77619-1bf

774 + (53
R Total = Rx +F nozle

CONCLUSION:

o\

-
R Tota] =#2427181 *Ibf

w ‘\\o\‘\b

The total force applied at the sluicer nozzle will be 242.181 Ibf.

o,

By:
(Ref. 5)
(Ref. 2, pg. 223)
AV ga,
) ’
i F;Az
5
e
FIGURE 3

HNF-2477, Rev. 0
Page A-5
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Sizing for Transfer Lines



—
FLUOR DANIEL CALGULATION IDENTIFICATION AND INDEX | 2% i o iii |-

NORTHWEST pate 3 /.5 /1997

This sheet shows the status and description of the attached Design Analysis sheets. ERRR R
Discipline 27,Piping and Vessels WO/Job No. w320/E09141 Calculation No. w320-27-045
Project No. & Name Project W-320 Waste Retrieval for Tank 241-C-106

Calculation Item Pipe Drain Flow and Anti-Siphon Sizing for Transfer Lines -

These caiculations apply to: .
Dwg. No. H-2-8184%8, Sh. 3, H-2-818531, Sh. 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 T . )
Void Calculation (Reason Voided

Odp O

Incorporated in Final Drawings? O Yes No
This calculation verified by independent "check” calculation? O Yes No

Qriginal and Revised Calculation Approvals: o oo

Rev. 0 _ .Rev. 1 Rev. 2
Signature / Date - Signature / Date Signature / Date

Originator ,4% % 3/);/97

Checked by L. B 3 25[7F ’

(o020 Soeled 2losy C e

Approved by‘ MOQJ &4 3!2515

Checked Against \\—, & ;wﬁ %
Approved Vendor Data ! . 4.1 qg

INDEX
Design Analysis Description
Page No.
i~ ii Calculation Identification and Index
iii Calcdlation Cross Index
Objective, Design Inputs, Assumptions, Method of Analysis
2-3 Method of Analysis, (cont..)
5-6 Conclusions
6-7 References
Conclusions - Drain Times Summary Spreadsheet
9 - 25 Calculations

HNF-2477, Rev. 0
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FLUOR DANIEL CALCULATION IDENTIFICATION AND INDEX ii iii
NORTHWEST Date 3/ 5 /1997
This sheet shows the status and description of the attached Design Analysis sheets.
Discipline 27,Piping and Vessels WO/Job No._E09141_ Calculation No. wW-320-27-045
Rev. 0 Rev. 1 Rev. 2
Signature / Date Signature / Date Signature / Date
Originator I 3/,25/ V74
Checked by DB s SI25HE
INDEX
Design Analysis Description

Page No.

Appdx A Calculaticn of headloss through Pump

Appdx B Calculation of Size of Hole required to Break Siphon

Appdx C Headloss Curve for Micromotion Mass Flow Meter

Appdx D Station Points

Appdx E PIPE~-FLO iodel for Siphoning of 10% Solids Slurry

Appdx F PIPE-FLO Model for Draining of 10% Solids Slurry

Appdx G P FLO Medel for Siphoning of 30% Solids Slurry

Appdx H PIPE-FLO Draining of 30% Solids Slurry

Appdx I PIPE-FLO Siphoning of 0% Solids Supernate

Appdx J PIPE-FLC Draining of 0% Solids Supernate

Appdx K PIPE-FLO Siphoning of 10% Solids Supernate

Appdx L PIFE-FLO Draining of 10% Solids Supernate

Appdx M Vendor Da

Appdx N

HNF-2477, Rev. 0
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FL UOR DANIEL Cale. No.  W-320-27-045

Revision No.: O

NORTHWEST DESIGN ANALYSIS PageNo. 1  of 25

: Client NUMATEC HANFORD COMPANY WO/Job No, E09141 Filename siphon\text.mcd
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97 By D.L. STONE -
Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked 3/25!%% By D.L. EVANS,2CE
Location C TANK FARM - HANFORD 200 EAST AREA Revised By
OBJECTIVE:

The objective of this calculation is twofold.

1. To determine if the anti-siphoning holes required to interrupt siphon flow in either the
Slurry or Supernate Pipelines are adequately sized.

2. To estimate the time required to drain the lines after termination of flow.

DESIGN INPUTS:

Project W320, Tank 241-C-106 Sluicing, Functional Design Criteria
{WSC document No. WHC-SD-W320-FDC-001, Rev. 4)

ASSUMPTIONS:

1. The pressure drops across the de-energized pumps were derived for water and adequately model
pressure drops for other system fluids.

2. The vaive Cv values used were for water and the resulting pressure drops adequately model
those for other system fluids .

3. A fluid temperature of 70°F has been chosen to conservatively approximate the temperature at which
siphoning and line draining would most probably take place.

METHOD of ANALYSIS:
Calculations performed using Mathcad 6.0, MathSoft, inc. are shown with sources noted adjacent to formulas.

Methods used in spreadshest calculations performed by Microsoft "Excel” Version 5.0 are either
summations, or methods and sources are shown on a previous page, using Mathcad 6.0.

Hydraulic calculations are performed by PIPE-FLO, v.5, by Engineered Software, Inc. Ref. 14

The PIPE-FLO program calculates the balanced flow rates and pressures within fluid piping systems
using the Darcy-Weisbach equation, which takes into account fluid viscosity and pipe roughness.

HNF-2477, Rev. 0
Pace R-4



FLUOR DANIEL Cale.No.  W-320-27-045

Revision No.: 0

NORTHWEST DESIGN ANALYSIS PageNo. 2 of 25
Ciient  NUMATEC HANFORD COMPANY WO/lob No.  E09141 Filename siphon\text.mcg
Subject  PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97 By D.L. STONE
Pipe Drainfiow and Anti-Siphon Sizing for Transfer Lines Checked 3/25 laz 8y D.L. EVANS it
Location C TANK FARM - HANFORD 200 EAST AREA Revised By
(METHOD of ANALYSIS, cont...)

. Lo L\ v
The Darcy-Weisbach equation is as follows: 4P = p-f<5>'§ where AP = pressure drop

p  =fluid density

f = Darcy friction factor
L =length of pipe

D = pipe diameter

v = mean fluid velocity

g = gravitational constant

For both laminar and non-laminar flow, the friction factor , f, is a function of the Reynolds number, calculated by
PIPE-FLO using the equation;
354-W

R.=
e ]Jd

where W =flow rate, kgrhr
d = pipe diameter, mm

1 =fluid dynamic viscosity, centipoise

If PIPE-FLO calculates a Reynolds number less than 2100, flow is considered to be laminar and the friction
factor is expressed using the equation: 64

R €
For Reynolds numbers greater than 2100, flow is considered to be turbulent, and the following equation is

used:
1.325

f = In £ 57 2
37475 08
3.7d R,

PIPE-FLO includes valves and fittings in the calculation using the pipe resistance coefficients (K factors)
found in Crane Technical Paper No. 410.

¢ =ccefficient of absolute roughness for pipe

~

The relationship between the K value and pipe lengthis: K = £ T <g> where fr = turbulent friction factor

Ldii-2
for which PIPE-FLO uses ~ fr = g.<2_457.,n(3~7°7 d))

€

HNF-2477, Rev. 0
Doama RS




FLUOR DANIEL Cale. No. V\g320-27-045

Revision No.:
NORTHWEST DESIGN ANALYSIS PageNo. 3  of 25
cient NUMATEC HANFORD COMPANY WONob No. E09141 Filename  siphon\text.mcd
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /197 By D.L. STONE (/
Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked 3[2.5(‘%7— gy D.L. EVANS
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

(METHOD of ANALYSIS, cont...)

Calculation of the balanced flow rates in the system is carried out using the Simultaneous Path Adjustment
method developed by Don J. Wood of the University of Kentucky. This method uses the Hardy Cross method
until the program is close to a solution, then it switches to the linear method to complete the calculations.
Information on the Hardy Cross method can be found in Ref 3. The continuity equations and loop pressure
drop equations, based on Kirchoff's Laws 1 and 2, provide the independent equations to perform the linear
portion of the calculations.

The PIPE-FLO program requires information about fluid properties in order to analyze a piping system. This
calculation includes the hydraulic analysis of both the Slurry Transfer Line, estimated to contain at the time of
siphoning, a liquid ranging from 10% to 30% solids content, and the Supernate Transfer or “Sluice" Line,
containing an estimated 0% to 10% solids content. Mass densities and viscosities corresponding to solids
content are calculated on page 9, using relative specific gravities and viscosity adjustment equations specified in
the Project Functional Design Criteria (Ref. 1).

Pumps and other components for which headloss varies with flowrate are represented within PIPE-FLO
as curves, which have been independently determined and manually input to the program.

Because this calculation addresses only siphoning and drainage scenarios, flow vs.head curves have been
developed to account for the headlosses resulting from either forward or reverse flow through the system
pumps in non-operational mode. The independent calculation modeling these curves is included as
Appendix A of this calculation. Similar curves have been developed to model losses through the Micrometion
Mass Flow Meter in the Slurry fine, and for the flow monitor located adjacent to the nozzle on the sluice line.
The development of these curves is shown on Pages 10 through 14 of this calculation, using manufacturer's
graphs shown in Appendix C. Curves developed for input to PIPE-FLO are summarized in spreadsheet form
on page 15.

Standard fittings have been input directly to the system model! from a table of standard fittings included in the
PIPE-FLO program. Purex connectors are modeled as standard 90 degree miter bends. System valves are
considered by PIPE-FLO as specialty valves and have been input to the medel using manufacturer-specified
CV values obtained from vendor data (included in Appendix M.)
1-d4
The Differential Pressure Calculator in PIPE-FLO uses the formula: K = 8(9: >
v

to calculate friction loss coefficient, or K value, for input to the model.

Input to the system model is described in terms of Node and Pipe names, elevations, dimensions and
components in the Identification and Configuration section of this calculation on pages 16 through 24.
Although Node points are normally determined by pipe diameter changes, Nodes have been included at
the following additional locations in order to facilitate the objectives of this analysis.

HNF-2477, Rev. 0
Page B-6
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FL UOR DANIEL Calc. No. W-320-27-045

Revision No.: O

NORTHWEST DESIGN ANALYSIS PageNo. 4  of 25
Client NUMATEC HANFORD COMPANY WO/Job No. E09141 Filename  siphonitext.mcd
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97 sy D.L.STON

Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked S225 3]25}"1’1 By D.L. EVAN

Location € TANK FARM - HANFORD 200 EAST AREA Revised By

(METHOD of ANALYSIS, cont...)

1. Nodes have been placed at the locations of holes drilled in the pipe to provide the inlet of air to prevent
siphoning.

2. Nodes have been placed at elevations corresponding to transfer line station points identified in the
project profile drawings included in Appendix D.

Pipe Draining

The times required to drain the Slurry and Sluice pipelines have been determined using flow results from the
PIPE-FLO program. Pipe drain flows were derived by modeling simulated reservoirs at the pipe high point
and at an elevation representing the top of the lower third of the transfer line. The PIPE-FLO models were
then run to determine the steady state pipe flows for fluids at various % solids and are included as
Appendices F, H, J & L. These drain flows were then used to determine:

a) The time to void the top 2/3 of the pipe, by using the average steady state drain flow from
the two reservoirs.

b) The time to void the lower third, by using the drain flow from the lower reservoir.
The respective pipe flows and times required to drain the pipes are listed in the conclusion section.
Siphon Flows
Siphon flows have been determined using the PIPE-FLO program, and models included in
Appendices E, G, | & K. Flows were derived by modelling reservoirs at locations that maximize the

hydraulic head available to drive the siphon. The reservoirs were placed as follows:

Slurry Line: The top reservoir located at the AY-102's maximum liquid level. The lower reservoir located at
the lowest liquid level for C-1086.

Supernate Line:  The top reservoir located at the AY-102's maximum liquid level. The lower reservoir
located at the lowest leve! of the sluice nozzle in C-106.

The siphon models were run to determine steady state flows. Since PIPE-FLO does not provide for
two-phase flow analysis, the models did not include openings at the locations of the holes drilled in the
pipe to provide the inlet of air to prevent siphoning.

Nodes have been assigned at the locations of these holes and the correspondlng siphon flows and fluid
pressures are listed in the conclusion section of the calculation.

HNF-2477, Rev. 0
Page B-7



o

FL UOR DANIEL Calc. No. V‘g320-27-045

Revision No.:

NORTHWEST DESIGN ANALYSIS PageNo. 5  of 25
cient NUMATEC HANFORD COMPANY WOlob No. E09141 Filename  siphon\text.mcd
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /197 sy D.L.STONE D/ ¢
Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked 5]2'51‘?: By D.L. EVANS OE
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

CONCLUSIONS

The following results are taken from the Summary Table (Page 8) and Air Flow caiculations, Appendix B.

Drain Drain Drain Siphon  Siphon Fluid Pressure Anti-Siphon Hole

Time Flow Flow Flow Flow at Hole Elev. Air Flow ke { ™
(min) (gpm) (ACFM)  (gpm) (ACFM) (psig) (SCFM) °)l'2! g
Slurry Ling “f\%\‘\(‘
10% Solids 7.88 150.9 20.17 112 14.97 (-)6.159 49.33 >
30% Solids 8.75 141.5 18.92 81.03 10.83 (-) 6.656 49.54
Sluice Line
0% Solids 12.35 86.78 11.6 75.41 10.08 (-)3.917 11.23
10% Solids 12.73 84.96 1243 71.98 9.62 (-) 4.368 11.58
Drain Times

From the above table the slurry line will free drain in 7.88 min to 8.75 min depending on solids content. -
The sluice line will free drain in 12.35 min to 12.73 min depending on solids content.

Hole sizing for Siphon Prevention
Slurry Line

The slurry line normally flows from C-106 to AY-102 and contains two 1/2" diameter holes located
approximately 12’ above the AY-102 maximum tank liquid level. When power is removed from the
pumps, flow will slow, reverse itself, and begin siphoning from AY-102. The siphon may be broken before
the siphon flow derived by the model is attained. From the model, maximum stable siphon flow is 112
gpm (14.97 cfm) with a (-) 6.159 psig fluid pressure at the elevation of the anti-siphon holes. With a

(~) 8.159 psig, across the holes, the line wilt aspirate 49.33 cfm of air, from Appendix B. This volume of
air will displace all forward flowing fluid and allow the column of fluid in the leg from the tank to settle to
some equilibrium level below the holes. The siphon will be broken. The maximum air flow required to
support free draining is 14.97 ¢fm. From Appendix B, 14.97 cfm of air requires a pressure drop of 0.315
psig across the 1/2" anti-siphon holes. '

HNF-2477, Rev. 0
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Sluice Line

The sluice line normally flows from AY-102 to C-106 and contains two 1/4" diameter anti-siphon holes
located approximately 8' above the AY-102 maximum tank liquid level. When power is removed from the
pumps, flow will slow and decay to the modelled siphon rate from AY-102. The siphon may be broken
before the flow derived by the model is attained. From the model, maximum stable siphon flow is 75.41
gpm (10.08 cfm) with a (-) 3.917 psig fiuid pressure at the drilled hole location. With a (-} 3.917 psig,
across the holes, the line will aspirate 11.23 cfm of air, from Appendix B. This voiume of air will displace
all forward flowing fluid and allow the column of fluid in the leg from the tank to settle to some equilibrium
level. The siphon will be broken. The maximum air flow required to support free draining is 10.08 cfm.

From Appendix B, 10.08 cfm of air requires a pressure drop of 2.83 psig across the 1/4" anti-siphon
holes.

The 1/4" and 1/2" holes are of sufficient size to break the siphon flows and support free draining of the
slurry and sluice lines.
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1. Project W320, Tank 241-C-108 Sluicing, Functional Design Criteria
(WSC document No. WHC-SD-W320-FDC-001, Rev. 4)
. Centrifugal and Axial Flow Pumps, A.J. Stepanoff, 2nd Edition, 1957
. Fluid Mechanics, Victor L. Streeter
. Engineering Fluid Mechanics, J.A. Roberson & C.T. Crowe, 4th Edition, 1980
. Process Heat Transfer, McGraw-Hill, D.Q.Kern, 1890.

2
3
4
5
6. Crane Technical Paper No. 410, Flow of Fluids Through Pipes, Fittings and Valves, 25th Printing, 1988
7. TUBE TURN Welding Fittings and Flanges, Catalog 311, 1954

8. PBM Reference Book, Section Il SP Series , 1992 PBM, Inc. Rev 2/92 -LT-8D

9. PBM Reference Book, Section IV MP Series , 1992 PBM, Inc. Rev 2/92 -LT-8D

10. Control Valve Handbook, Fisher Controls Company

11. T-M Swivel Joint Catalog.

12. "Mathcad" Version 6.0, MathSoft, Inc.

13. "Excel" Version 5.0, by Microsoft

14. "PIPE-FL.O" Version 5.0, by Engineered Software, Inc.

HNF-2477, Rev. 0
Dace R-OQ



FLUOR DANIEL Calc. No. W-320-27-045

Revision No.: O
NORTHWEST DESIGN ANALYSIS PageNo. 7  of 25
cient NUMATEC HANFORD COMPANY WO/Job No. E09141 Filename siphon\text.m
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-108 Date 3/5 /197 By D.L. STONE .P C
Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines  Checked 3l2xl9? gy D.L. EVANS &’)022,
Location € TANK FARM - HANFORD 200 EAST AREA Revised By

(REFERENCES, cont...)

15. Project W-320 Drawings:
General: 15.0 H-2-818485, Sh.
15.1 H-2-818536, Sh.
15.2 H-2-818498, Sh.
15.3 H-2-818498, Sh.
15.4 H-2-818427, Sh.
15.5 H-2-818426, Sh.
15.6 H-2-818426, Sh.
15.7 H-2-818434, Sh.

Slurry Line: 15.8 H-2-818494, Sh.
15.9 H-2-818508, Sh.

A N A A W N aa

1
1

15.10 H-2-818505, Sh.
15.11 H-2-818501, Sh.
15.12 H-2-818501, Sh.
16.13 H-2-818537, Sh.
15.14 H-2-818537, Sh.

Supernate Line:  15.15 H-2-818484, Sh.
15.16 H-2-818503, Sh.
15.17 H-2-818515, Sh.
15.18 H-2-818551, Sh.
15.19 H-2-818551, Sh.
15.20 H-2-818551, Sh.
15.21 H-2-818549, Sh.

Pump and Winch Assembly
Hydraulic Diagram

Shielding Plate
Shielding Plate
Transfer System Plan and Profile
Transfer System Plan and Profile
Transfer System Plan and Profile

Transfer System Plan and Profile

Pump and Winch Installation - C-Tank

Jumper Assembly Pit C-06A (Pump Jumper)
Jumper Assembly Pit C-06A (Jumper)
Jumper Assembly Pit C-02A (Distributor Jumper)
Jumper Assembly Pit C-02A (Distributor Jumper)
Distributor Assembly
Distributor Assembly

Pump and Winch Installation - AY-Tank

Jumper Assembly Sluice Pit AY-02E (Pump Jumper)

Jumper Assembly Sluice Pit C-06C (Sluicer Jumper)

Stuicer Assembly Details (Swivel)
Piping Sluicer Assembly Feedplate
Sluicer Assembly Details (Nozzle)

Sluicer Instailation
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SUMMARY OF DRAIN TIMES (For calculation details, see Page 25)
Drainflow Drainflow Average
Highointto Lowpoint Average Time to
Pipe Pipe ID Area Length Volume Volume End to End  Drainflow Drain
# (in) (in"2) (ft) (gal) (ft"3) (gpm) (gpm) ("3 / min) (min)
Sturry Line 10% Solids
3.3 4.03 12.73 843.20 557.58 74.54 146.7 150.9 19.89 375
3.2 4.03 12.73 468.10 309.54 41.38 146.7 150.9 19.89 2.08
3.1 4.03 12,73 427.61 282.76 37.80 160.9 20.17 1.87
3 3.07 7.39 4,767 1.83 0.24 150.8 20.17 0.012
24 4.03 1273 1.0 0.66 0.09 150.9 20.17 0.004
2 4.03 12.73 34.86 23.05 3.08 150.9 20.17 0.163
1 3.07 7.39 232 0.89 0.12 150.9 20.17 0.006
0 5.05 20.01 0.442 0.46 0.06 150.9 20.17 0.003
1782.3 Time to Drain in minutes : 7.88
Slurry Line 30% Solids
33 4.03 12.73 843.20 557.58 74.54 122.7 1416 17.66 4.22
32 4.03 1273 468.10 309.54 41.38 1227 141.5 17.66 2.34
3.1 4.03 1273 427.61 282,76 37.80 141.5 18.92 2.00
3 3.07 7.39 4.767 1.83 0.24 141.5 18.92 0.013
241 4.03 12.73 1.0 0.66 0.08 141.5 18.92 0.005
2 4.03 12,73 34.86 23.05 3.08 141.5 18.92 0.163
1 3.07 7.39 232 0.89 0.12 1415 18.92 0.006
0 5.08 20.01 0.442 0.46 0.06 141.5 18,92 0.003
Time to Drain in minutes : 8.75
Sluicer Line 0% Solids
4.1 4.03 12.73 822.80 544.09 7273 105.6 86.78 12.86 5.66
4.2 4.03 12.73 468.10 309.54 41.38 105.6 86.78 12.86 3.22
4.3 4.03 12.73 428.70 283.48 37.90 86.78 11.60 3.27
4.4 4,03 12.73 26.27 17.37 232 86.78 11.60 0.200
5 247 4.79 1.231 0.31 0.04 86.78 11.60 0.004
6 2,07 3.36 0.667 0.12 0.02 86.78 11.60 0.001
7 247 4.79 1.203 0.30 0.04 86.78 11.60 0.003
8 2.47 4.79 0.604 0.15 0.02 86.78 11.60 0.002
9 0.96 0.72 0.271 0.01 0.00 86.78 11.60 0.000
1749.8 Time to Drain in minutes : 12.35
Sluicer Line 10% Solids
41 4.03 12.73 822.80 544.09 7273 101 84.96 12.43 5.85
4.2 4.03 12.73 468.10 309.54 41.38 101 84.86 12.43 3.33
43 4.03 1273 428.70 283.48 37.90 - 84.96 11.36 334
4.4 4.03 12,73 26.27 17.37 232 84.96 11.36 0.204
5 247 4.79 1.231 0.31 0.04 84.96 11.36 0.004
8 2.07 3.36 0.667 0.12 0.02 84.96 11.36 0.001
7 247 479 1.203 0.30 0.04 84.96 11.36 0.004
8 247 4.79 0.604 0.15 0.02 84.96 11.36 0.002
9 0.96 0.72 0.271 0.01 0.00 84.96 11.36 0.000
Time to Drain in minutes : 1273
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Calculation of Mass Density and Dynamic Viscosity based on Percent Solids

T:=70-F
Ib
PH20 #62305 =

BT = Hog(1-0.005(T- 68))

Operating Temperature

Water Density at Temperature Shown

Temperature adjustment equation from FDC

(See Assumption 2)

(Ref. 8)

(Ref. 1)

SG:=1.0 Specific Gravity (0% solids loading) (Water) (Ref. 1)
b
p=SGpmo P =623055 Process Fluid Density
B gop = 4-cp Viscosity at 68 degrees F (0% solids loading)
B o670 = # gog (1 — 0.005-(70 ~ 68)) B g9%70 = 3-96°cp Viscosity at 0% Solids, 70 degrees F
SG:=1.12 Specific Gravity (10% solids loading) (Ref. 1)
_ - Jb . .
p:=8Gppo p=69.782 e Process Fluid Density

M 109 = 13-cp

1 10%70 ‘=1 109 (1~ 0.005:(70 - 68)) g 1geg7o = 12.87cp

Viscosity at 68 degrees F

Viscosity at 10% Solids, 70 degrees F

SG:=1.2 Specific Gravity

i)
0 :=8Gp 20 p =74.766 ? Process Fluid Density

B 3004 -=105-cp Viscosity at 68 degrees F

309470 = 1 30% (1 ~ 0.005-(70 - 68)) I 309470 = 103.95cp

(30% solids loading) (Ref. 1)

Viscosity at 0% Solids, 70 degrees £ (Ref. 1)

HNF-2477, Rev. 0
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Calculation of Flow vs Head Curve for Micromotion Mass Flowmeter

Speciﬁ(: Gravity for 10% Solids at 70°F

SG =112
Ib . .

p :=SGp 0 p =69.782 ? Process Fluid Density
) Ibf . . .
yi=pg y=69.782" = Specific weight of fluid.
p:=12.87-¢cp Viscosity at 10% solids

Volumetric Flowrate

gal

Qso ::So'min

Q50 =150 2

Mass Flowrate corresponding to Micromotion graph

m gs0:=Q 50°p

Ib
m 450 = 466.422°

min

mg150 =Q150°P

!
m 150 =1.399+10%« b

min

Pressure Drop corresponding to Micromotion graph

P 50 :=.34-psi

Pso .
hsg:=—
bt

h 59=0.702°R

P 150 = 1.8-psi

Pyso

hy50 5 ——
Y

h 150 =3.714+ft

g 22
Q250 =250

m 9250 :=Q250°P

b
m gas0 =2.332:10° -

P50 :=4.5psi

P2so
has50 =——
b

h 950 =9:286°f

(For Vendor Data, see Appendix M)

(Ref. Pg. 7)

(Ref. Pg. 7)

gal
min

Q350 :=350-
m 350 :=Q350°P

b

= 0 3 | JES—
m 350 =3.265°10 oin

P350:=83psi  (Ref AppendixC)

P350
h 350 ?:*y—

h 350 =17.128 ft

HNF-2477, Rev. 0
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Calculation of Flow vs Head Curve for Micromotion Mass Flowmeter

SG:=1.2 Specific Gravity for 30% Solids at 70°F
Ib . "

p :=SGp a0 p =74.766 '¥ Process Fluid Density (Ref. Pg. 7)
Ibf ; . .

yi=pg y=74.766 Y Specific weight of fluid.

u:=103.95-cp Viscosity at 30% solids (Ref. Pg. 7)

Volumetric Flowrate

s gal | _nep, 28l _agp, 88l

Qso.—Som Q150.—150ﬁ sto.—-ZSOm Q350'_350ﬁ

Mass Flowrate corresponding to Micromotion graph

m g50 :=Q 50°p mg150 :=Q150°P m 4750 = Q250°P m 350 :=Q350°P

_ b _ ;. Ib _ ;. Ib o snaeip3. 1B
mg50 = 499.738 in mgis0 = 1.49%-10 n m 050 = 2.499°10 i m q359 =3.498-10 in

Pressure Drop corresponding to Micromotion graph

Pgg:=1.2+psi P50 :=4-psi P50 = 10-psi P350:=17.5-psi  (Ref. Appendix C)
Pso P1s0 P2s0 P3s0
hsg:=— hysgi=—— hasg=—— 350 =——
i 1 Y
h 5 =231/t h 150 =7.704:ft hosq =1926°ft h 350 =33.705ft
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Calculation of Headloss Curves for 18" Supernate Line Monitor Tube :

Given / Known Data:

d :=2.469-in Entrance Pipe Inner Diameter (Ref. 15.7, 8h.7)
_nd? Entrance Pipe Flow Area:
A= e
L yein :=1+in Length of Monitor tube veins
Py = (wd) + 4 (2Lyein)  Pw=15757+in  Wetted Perimeter of Piping Ref. 5, Pg.105
_[nd? (1
A= (T) - 4'[(1““)'(?‘“” A=4288+in>  Flow Area inside Monitor Tube
b, dA
€ Py D.=1.088+in  Monitor Tube Equivalent diameter
. = Q
G Flow Rate V= KI 0
350-GPM
.18
250-GPM ?Z 7 Oz a
130-GPM = ) “— i
S GEM Vol 122a e Veloolty
01-GPM 3.741
7483107
Monitor Tube Losses at 10% Solids Loading:
SG:=1.12 Specific Gravity ( 10% _solids loading) (Ref. 1)
PH20 = 62.305-% Water Density at 70°F (Ref. 8)
b . "
p:=SGpyyo P =69.782 Ej Process Fluid Density
Mo, =13 Viscosity for 10% solids fluid at 68 degrees F (Ref. 1)
1 10%70 =H 10% (1 - 0.005-(70 - 68)) Temperature adjustment equation from FDC (Ref. 1)

w=12.87+cp

I =R 109470°CP Viscosity for 10% solids fluid at 50° F

HNF-2477, Rev. 0
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{Monitor Tube, cont...)
Devpp
Reynolds; :=———— Reynolds; Reynolds Number Ref. 6, Eq 3-3
3
1.917-10%
1.369-10%
8215-10°
2.738-10°
03533 (Outof range for formula)
(Out of range for formula)
Do =0.091:ft
k5 :=.00015-ft Roughness factor for pipe Smooth Commercial Pipe (Ref. 4, Pg.419)
0.25
f = ;
o] K5, 374 ‘ 30759 Friction Factor (for 4 x 10°< Re < 10%) Ref. 4, Pg 424
8\37a " Reynolds; i) G.0243
0.0269,
0.0359
« 024011 (Outof range for formula)  feritical 1= 0045
D—s =0.002 (Out of range for formula)
e
2
b monitor. = () (ls«in) (vi) 0
monitor; = (%) o -
i i1 De g 4036 (Ref 6, Page A-20)
2.182
b monitor =] ¢.871 *ft &2
0129 18-in (3 741 sec>
3.455+10°% " monitorC = (fcritical)'<_D‘;"> 2g
h monitorC = 0.162-ft
Monitor Tube Losses at 0% Solids Loading (Water):
Given / Known Data:
SG:=1.0 Specific Gravity (0% solids loading) (Ref. 1)
Ib . .
PH20 = 62.305~§ Water Density at 70°F (Ref. 6)

p =SGp oo

Ib
p=62305

Process Fluid Density

HNF-2477, Rev. 0
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(Monitor Tube, cont...}

K gog =4 Viscosity for 0% solids fluid at 68 degrees F (Ref. 1)
B 0970 = H gog (1 - 0.005-(70 - 68)) Temperature adjustment equation from FDC (Ref. 1)
1= gog70°SP n=3.96cp Viscosity for 10% solids fluid at 50° F
) Devip
Reynolds; .:-_p— Reynolds; Reynolds Number Ref. 6, Eq 3-3
5.562:10°
3.973-10°
2.384-10°
7.946:10°
1.589
D, =0.091"ft
k 4 :=.00015-ft Roughness factor for pipe Smooth Commercial Pipe (Ref. 4, Pg.419)
- 0.25 , £
oal 5 5.74 00201 Friction Factor (for 4 x 10°<Re < 10%) Ref. 4, Pg 424
8374 T Reynolds; [0.020%]
0.0222
0.0271
K %035 (Outof range for formula) £ yitical 1= 0.045
D—S =0.002 (Out of range for formula)
e

2
o {18\ (%)
B monitor, ** (fi)'( D, )"2‘“~g B monitor, (Ref 6, Page A-20)

3.551-ft

1371 R )
17

07 . (3.741-£)
.098- n . o [18-in\ sec

1.156-10- T-ft monitorC - (crmcal) —De T 2g

h monitorc =0.162ft
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SUMMARY OF _CURVES for INPUT TO PIPE-FLO MODEL

(Appendix A and Pages 10 - 14)

immersible Pump 0% Solids | Q (gpm) 0 | 40 | 80 [ 120 | 150 |
Free Rotor [ H (ft) 0 | 0156 | 0624 | 14 | 22 |
Positive Flow
Vertical Inline Pump 0% Solids | Q (gpm) 0 | 40 [ 80 | 120 | 150 |
Free Rotor [ H (/) 0 | o77 | 308 | 7 ] 108 |
Positive Flow
immersible Pump 0% Solids [ Q (gpm) 0 | 40 [ 80 [ 120 ] 150 |
Free Rotor i H_(ft) 0 | 08 | 345 | 778 | 122 |
Reverse Flow
Vertical Infine Pump 0% Solids Q (gpm) 0 40 80 120 150
Locked Rotor H (ft) 0 1.15 4.59 10.4 16.2
Reverse Flow :
Micromotion 10% Solids [ Q (gpm) 0 | 50 [ 150 | 250 | 350 1
Mass Flow Meter H (f) 0 | 0702 | 3714 | 9286 | 17128 |
30% Solids | Q (gpm) 0 | 50 [ 150 | 250 ] 350 |
H (i) 0 | 2311 | 7.704 | 1926 | 33705 |
Monitor Tube 0% Solids [ Q (gpm) 0 [ 50 ] 150 | 250 | 350 |
N H (f) 0 | 0098 | 0717 | 187 | 355
10% Solids | Q (gpm) 0 | 50 | 150 | 250 | 350
| H () 0 | 013 | 087 | 218 | 404 |

HNF-2477, Rev. 0
Page B-18




FLUOR DANIEL

NORTHWEST DESIGN ANALYSIS

client NUMATEC HANFORD COMPANY WO/ob No. E09141
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97

Pipe Drainflow and Anti-Siphon Sizing for Transfer Line Checked 3]25\%7(—
Location € TANK FARM - HANFORD 200 EAST AREA Revised

Calc.No.  W-320-27-045
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Page No. 16 of 25
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By D.L. STONE D (5
By M.D. BROCKETT@
By

SLURRY TRANSFER LINE - Identification and Configuration

Node Name: ~N--0 Elevation: ImPumpSuction :=608.0-ft

(Ref. 15.8 & Lawrence Pump Data (Appx. M))

- Pipe-FLO Pressure Source

Pipe Name: Pipe 0 L pipeg :75.31-in L pipe = 04421t

(5" Suction Diameter}

at 0 psig at 0 ft (conservative)

-1, entrance (exit, for Siphoning)

Node Name: ~N--1 Elevation: ImPumpDischarge := ImPumpSuction + 5.31-in

ImPumpDischarge =608.443ft

Pipe Name: Pipe 1 L ypipel =3+ 4+ 2-(4.875))-in  (Ref. 15.0)

(3" Line) L hPipel =(8.125+ 3)in

L pipet =L vPipel + L hPipel

L pipe1 =2.323ft

(Ref. 15.0 & Lawrence Pump Data (Appx. M)}

(Ref. 11 (Appx. M)

- Immersible Pump Component
1 el, 1 Swivel-—> -3, 3",90°SR els

1, 4 x 3 enlarger - 4" approach

BoosterPumpSuction := 639-ft + 1.281-in

Node Name: ~N--2 Elevation: Reducer 443 := ImPumpDischarge + 1.396-ft

Reducer 443 =609.838+ft

Pipe Name: Pipe 2
(4" Line)

L ypipe2 = BoosterPumpSuction - Reducer 443

L ypipe2 = (2:(10.125) + 1229 + 18.97 + 15.6)-in

L pipe2 =L vpipe2 + L hPipe2 L pipez =34.861°1t

2 Swivels—> _ 4,

(Ref. 11, 15.8 &15.2)

L vPipe2 = 292681

L hPipe2 = 5.592:ft

-1, 4",45°SR el
4",90° SR els

-2, 4",90°LR els
-1, 4",90°SR el

Jumper Connector—->_ 1 4" miter bend

Node Name: ~N~2.1 Elevation:  BoosterPumpSuction = 639.107°ft

Pipe Name: Pipe 2.1 L pipe2.1 i~ 1-ft

(4" Line - Pipe 2.1 modeled to support components not included in this calulation.)

(Ref. 15.8 & 15.9)

HNF-2477,Rev. 0
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(SLURRY LINE- cont..)

Node Name: ~N--2.2 Elevation: BoosterPumpSuction = 639.107-ft (Ref. 15.9)

Pipe Name: Pipe 3 -90°el 4" LR

L Pipe3 = 4-ft +9.2-in L Pipe3 = 4.767ft

(3" Line)

- 4x3 reducer, 4" approach
- Pump Backflow Component
- 4x3 enlgr, 4" approach

-90%el 4" LR

Node Name: ~N--3  Elevation:

isch =639.461 heckpoi
Pipe Name: Pipe 3.1 BoosterPumpDischarge = 639, ft (C ec] pomtl)

(4" Line) L ypipes.1 =(1-ft+ 29-in) + (1-R+ 5.8in)
L ppipe3.1 =(12-ft+ 7ein) + 2R
Jumper :=L ypipe3.1 + L hpipe3.1 Jumper =17.308-ft

L pipe3.1 :=410.3-ft +- Jumper (Ref. 15.1 & 15.4)

L Pipe3.1 = 427.608ft

BoosterPumpDischarge := BoosterPumpSuction + 4.25-in

L ypipe3.1 =2725f
L hPipe3.1 = 14.583-ft

(Ref. 15.9)

(Ref. 15.10 & 15.9)

(Ref. 15.10)

2 jmpr conn = miter bend 4"
390°%l 4" LR

6, 4" 90°Bends?y =10
2, 4" 45° Bends/3=9

90°Bends 74 = 10

90° Bends 7y = 10

Node Name: ~N--3.1 Elevation:  Checkpoint 5 :=650.42-ft (Ref. 15.1 &15.5)
Pipe Name: Pipe 3.2 - L pipe3.2 1=468.1-ft 4, 4"

(4" Line)

Node Name: ~N-3.2 Elevation:  Checkpoint 3 :=661.63-ft (Ref. 15.1 &15.5)
Pipe Name: Pipe 3.3

@ Line) L pipe3.3 '=843.2 1, 4
Node Name: ~N--3.3  Elevation:  SystemHighpoint :=676.05-ft

(Ref. 15.1)

Pipe Name: Pipe 3.4
(4" Line)

L pipe3.4 :=(15.504 + 1.583)-in

L Pipe3.4 = 1.424-ft

-1 jmpr conn = miter bend 4"

-1, 90%el 4"LR
-1, 4x 3 reducer - 4" approach

HNF-2477, Rev. 0
Page B-20




FLUOR DANIEL

NORTHWEST DESIGN ANALYSIS

Cliet NUMATEC HANFORD COMPANY WOlJob No.  E09141
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97

Pipe Drainflow and Anti-Siphon Sizing for Transfer Line Checked

Calc.No.  W-320-27-045
RevisionNo: O

Page No. 180f 25
Filename slurylist.med

8y D.L.STONE )L
8y M.D. BROCKET

Location C TANK FARM - HANFORD 200 EAST AREA Revised By
(SLURRY LINE- cont..)
Node Name: ~N--4  Elevation: Micromotion i, := SystemHighpoint - 15.375-in (Ref. 15.11)
Micromotion j, =674.769+ft
Pipe Name: Pipe 4 X - . N -1, 80%I 3"LR
L piped.1 = (5427 - 34.562:in) + (2+5.292)in "L 0 Cs o meter
(3" Line) L pipes.1 =3.155ft - 1, 3-way Bali Valve, Cv =228
Node Name: ~N--4.1  Elevation:  Micromotion 4y :=Micromotion j (Ref. 15.11)
Micromotion oy = 674.769*ft
Pipe Name: Pipe § L pipes =(9.958 + 5.292+ 30.844)-in (Ref. 15.11)
(4" Line) L pipes =3-841+ft -1, 4 x 3 enlarger - 4" approach
-3, 90%l 4"LR
- 1 jmpr conn = miter bend 4"
Node Name: ~N--5  Elevation: Nozzle := SystemHighpoint — (1-ft + 9.375-in) (Ref. 15.11)
Nozzle =674.269+ft
Pipe Name: Pipe 5.1 Lgp:=7ft+8in Lg =7.667f (Ref. 15.14)

(4", Sched. 80 Line)

Node Name: ~N--5.1 Elevation:  SiphonHole := 665.8-f (2, 172" holes) - (Ref. 15.1)
Pipe Name: Pipe 5.2 L pipes :7(37- 7)-fi- 7.75-in L pipes =29.354*ft  (Ref. 15.14)
(4", Sched. 80 Line)
LowerNozzles :=635.91-ft  (Ref. 15.1)
Node Name: ~N--6 Elevation: UﬁperNozzles := LowerNozzles + 7.75-in (Ref. 15.14)

UpperNozzles =636.556+ft

Distributor Nozzle Pressure Sources:

H ypperNozzles = 653.66-ft — UpperNozzles
{Maximum Liquid Level)

HypperNozzles = 17.104-ft

HNF-2477, Rev. 0
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(SLURRY LINE- cont..)

Node Name: ~N-6.1

Pipe Name: Pipe 6.1 (2", Sched. 80 Line) L pipes.1 = 0.5-ft -1, exit (entrance, for Siphoning)

Node Name: ~N-6.2

Pipe Name: Pipe 6.2 (2", Sched. 80 Line) L pipes.2 =0.5-ft -1, exit (entrance, for Siphoning)

(Ref. 15.1 & 15.14)

Node Name: ~N-7 Elevation: LowerNozzles :=635.91-ft

Pipe Name: Pipe 7
(4" Line)

L Pipe7 = 7.75-in L Pipe7 = 0.646+ft

Distributor Nozzle Pressure Sources: H owerNozzles = 17-75°f

H gwerNozzles ‘= H UpperNozzles + L Pipe7
(Maximum Liquid Level)

Node Name: ~N-7.1

Pipe Name: Pipe7.1 (4", Sched. 80 Line) L pipes.1 =6-in L pipes.1 =0-5'%

- 1 ecc. 4 x 2 reducer (enlarger, for Siphoning)

Node Name: ~N-7.11

Pipe Name: Pipe 7.11 (2", Sched. 80 Line) L pipe6.11 :=2-in L pipes.11 =0.167f

-1, exit (entrance, for Siphoning)

Node Name: ~N-7.2

Pipe Name: Pipe7.2 (4", Sched. 80 Line) L pipe6.2 :=6-in L pipes.2 =0-5ft

-1 ecc. 4 x 2 reducer (enlarger, for Siphoning)

Node Name: ~N-7.22

Pipe Name: Pipe 7.22 (2", Sched. 80 Line) L pipes.22 :=2-in L pipe.22 =0.167-ft

-1, exit (entrance, for Siphoning)

HNF-2477, Rev. 0
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SUPERNATE LINE - Identification and Configuration
Node and Pipe Names, Elevations, Pipe Diameters, Pipe Lengths, Fittings and Pressure Sources

Node Name: ~N-0  Elevation: ImPumpSuction :=635.5-f (Ref. 15.8 & Lawrence Pump Data (Appx. M))
Pipe Name: Pipe 0 L ypipe0 ‘= 5:31in L ypipeo =0.442-t
(58" Suction Diameter)
Submergence := (653.66 — 635.5)-ft - Pipe-FLO Pressure Source
at 0 psig at 17.77 ft

Submergence = 18.16:ft - Pump entrance

Node Name: ~N-1  Elevation:  ImPumpDischarge := ImPumpSuction + 5.31-in
ImPumpDischarge = 635.943+ft

Pipe Name: Pipe 1 L vpipe1 =(3+4+ 2:(4.875))in  (Ref. 15.0)

(3" Line} L hpipe] :=(8.125+ 3)-in (Ref. 11 (Appx. M))

L pipe1 = L yPipel + L hpipel L pipel 2.323ft
~ Immersible Pu P Component curves)

1el+1Swivel—> =3, 3", 90°SR eis
-1, 4 x 3 enlarger - 4" approach

SiphonHole := 661.7-ft

Node Name: ~N-2.1 Elevation:  Reducer 443 := ImPumpDischarge + L ypjpe]
Reducer 443 =637.338f

Pipe Name: Pipe 2.1 L \pipe2.1 ‘= (SiphonHole - ImPumpSuction) — (L vPipe0 + L vPipel) (Ref. 15.8)

(4" Line) L hpipe2.1 :=2:(10.125:in)  (Ref.11 (Appx. M)

L pipe2.1 ‘=L vpipe2.1 + L'hpipe2.l L pipe2.i =26.049°f

-1, 4",45°SR el
2 Swivelg-—> -4, 4" 90°SR els
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(SUPERNATE LINE- cont..)

EIv platetoSuction :=9-313-in (Ref. 15.16)
ElV plates 1= 2+(1.5:in) (Ref. 15.3, Pg 2)
EIV platetoLap 1= 15:25-in (Ref. 15.3, Pg 2)

EIV L aptoHole :=(102.75 - 8)-in  (Ref. 153,Pg2)

Node Name: ~N-2.2  Elevation:  SiphonHole :=671.115-ft - (Elv Plates + EIV PlatetoLap + Elv LaptoHole)
SiphonHole = 661.7ft :

Pipe Name: Pipe 2.2 L vPipe2.2 % (EIV Plates + EIV PlatetoLap + Elv LaptoHo]e) + EIV platetoSuction

(4" Line) L vPipe2.2 = 10.193+ft

L hPiping :=(1229 + 18.97)in  (Ref. 152, Pg2)
L hiumper ‘=(17.5 + 46+ 7)-in  (Ref. 15.16, Pg 3)

L Pipe2.2 =L vPipe2.2 + L hPiping L hJumper L Pipe2.2 = 18.673-ft

-4, 4", 90°LR els

-1, 4",90°SR el
Jumper Connector—>_ 1 4" mijter bend

-4", 2-way PBM Ball Valve, Cv = 650

BoosterPumpDischarge = (677.073 - 4.404)-ft (Ref. 15.16)

Node Name: ~N-2.3 Elevation: BoosterPumpSuction := BoosterPumpDischarge — 4.25-in (Ref. 15.16)
BoosterPumpSuction =6§72.315ft '

Pipe Name: Pipe 2.3 L pipe3 = 2-(4-in) L pipe3 =0.667-ft -1, 4 x 3 reducer - 4" approach
(3" Line) - Vertical Inline Pump (Component curves)
-1, 4 x 3 enlarger - 4" approach
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(SUPERNATE LINE- cont..)

SystemHighpoint :=677.11-ft

Node Name: ~N-3  Elevation:  BoosterPumpDischarge :=(677.073 — 4.404)-ft (Ref. 15.16)
BoosterPumpDischarge = 672.669+ft

Pipe Name: Pipe 3 L vPipe3 = (SystemHighpoint — BoosterPumpDischarge) L vPipe3 =4.441ft

(4" Line) L hpipe3 = (129 + 15.25)-in L hpipe3 =2.346+ft (Ref. 15.16)

L pipe3 ‘=L yPipe3 + L hPipe3 L pipe3 =6.787ft

Jumper Conn---> -1, 4" miter bend

-3, 4",90°LR els
-1, 4 x 1 Tee, thru Run

Node Name: ~N-4  Elevation: SystemHighpoint :=677.11-f (Ref. 15.1 &15.7)

Pipe Name: Pipe 4.1 L pipeq.| =822.8:ft -10, 4",90°Bends/F10
(4" Line) :

Node Name: ~N-5  Elevation: Checkpoint 3 :=661.63-ft (Ref. 15.1 & 15.5)

Pipe Name: Pipe 4.2 L pipe.2 ‘= 468.1-1t -4, 4",90°Bends "/&10
(4" Line)

Node Name: ~N-6  Elevation: Checkpoint 5 :=650.39-ft (Ret. 15.1815.4)

Pipe Name: Pipe 4.3 L piped.3 =428.7-f 5, 4" 90°Bends 'y =10
(4" Line) 2, 4" 45° Bends'y=9
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(SUPERNATE LINE- cont.)
Node Name: ~N-10  Elevation:  Monitor 1y, := Modified gyive] - 8+in (Ref. 15.18)

Monitor Top = 621.85ft
Pipe Name: Pipe 7 Lpipe7 =(1294+ 1.5)in L pjpe7 =1.203-ft - Monitor Component Curve
(2.5" Line)
Node Name: ~N-11  Elevation:  Nozzle 1, := Monitor Top = (18+ 1.5)-in (Ref. 15.20)

Pipe Name: Pipe 8
(2.5" Line - reducer, only)

Nozzle p, =620.225+

L Pipe8 = 7.25-in L Pipe8 = 0.604-ft

-1, 2.5 x 1 reducer - 7.25" approach

Node Name: ~N-12  Elevation: Nozzle g4 := Nozzle p, - (7.25)in (Ref. 15.20)
Nozzle oy, = 619.621-ft
Pipe Name: Pipe 9
(1", Schedule 80 Line) L pipeg :73.25:in L pjpeg =0.271ft - Exit
(Ref. 15.20)

Node Name: ~N-13  Elevation:

End :=Nozzle o)y — 3.25+in
End =619.35:ft

- Pipe-FLO Pressure Source,
0 psig at 0 ft submergence

HNF-2477, Rev. 0
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{SUPERNATE LINE- cont..}

ShuicerFlange Top '=638.33-ft (Ref. 15.21)

Modified gy, 0] 1= SluicerFlange ., - 15.813-ft)  (Ref. 15.21)
Swivel Top

Node Name: ~N-7 Elevation: PitNozzle 1 o6 := 641.42- (Checkpointl) (Ref. 15.1)

Pipe Name: Pipe 4.4 L vPipea.s := (PitNozzle 1 6 - Modified Swivel - 8.4~in) (Ref. 15.18)
(4" Line) L Jumper *=(5.464 + 1.33).1t (Ref. 15,17)
L Template := 15.25-in (Ref. 15.19)

L hPipeq.a =L Jumper + L Template

L Piped.4 =L ypipeaq+ L hPiped.4 L pipeq 4 =26.2681¢

-5, 4", 90°LR els

-2, 4" miter bend

-2, 4", 45°SR ¢l

-1, 4x2.5 reducer - 4" approach

Node Name: ~N-8 Elevation:  Reducer 4x2.5 ‘= Modified g, o1 + 8.4-in (Ref. 1521 &15.18)
Reducer 449 5 =623.217-8

Pipe Name: Pipe 5 L ypipes :=8.4-in

(2.5" Lineg) L pipes =6.375-in -1, 2.5" 90° SR els

-1, 4" miter bend
L Pipes =L ypipes + L hPipes L pipes =1.231°#t

Node Name: ~N-9 Elevation: Modified Swivel =622.517:ft (Ref. 15.21 & 15.18)
Pipe Name: Pipe 6 L pipes :=8-in L pipes =0.667ft -1, 2x2.5 enlarger - 3.5" approach
(2" Line)
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(SUPERNATE LINE- cont..)

Node Name: ~N-10  Elevation: ~ Monitor op := Modified gyivet ~ 8-in (Ref. 15.18)
Monitor op =621.85+ft

Pipe Name: Pipe 7 L pipe7 = (12.94+ 1.5)in L pjpe7 =1.203ft - Monitor Component Curve
(2.5" Line)
Node Name: ~N-11  Elevation:  Nozzle 1, :=Monitor pop - (18 + 1.5)-in (Ref. 15.20)

Nozzle j =620225- -1, 2.5 x 1 reducer - 7.25" approach

Pipe Name: Pipe 8 L pipeg :=7-25-in L pjpeg =0.604+ft
(2.5" Line - reducer, only)

Node Name: ~N-12  Elevation: Nozzle gt := Nozzle f - (7.25)-in (Ref. 15.20)

Nozzle gy =619.621+ft
Pipe Name: Pipe 9 h

(1", Schedule 80 Line) L pipeg :73.25in L pjpeg =0.271ft - Exit

Node Name: ~N-13  Elevation:  End :=Nozzle g — 3.25:in (Ref. 15.20)

End =619.35°ft - Pipe-FLO Pressure Source,
0 psig at 0 ft submergence
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Basic Calculation for Determination of Time to Drain Pipelines

The following calculation exemplifies the method used to estimate the time for each pipe in the
two Piping Systems to drain. The Excel spreadsheet shown on Page 8 repeats this calculation
for each pipe in the system and sums the results.

EXAMPLE: Pipe 3.1 Pipe Name
d :=4.03:in Pipe Inner Diameter
. K>d2 2 N .
A= e A =0.089ft Cross sectional Area of Pipe
L :=42891-f Pipe Length
V:i=AL V =284.207 *gal Pipe Volume
1.
The following method is used, and the results for each pipe summed, for the pipeline from the
lower station point (1/3 of the distance up the pipe to the transfer line lowpoint) to the end of the line.
|
Q Lowpoint = 1223'% Drain Flowrate from Highpoint, provided by Pipe-Flo
v . . . - .
e T =2.324°min Time required to drain Pipe at the given Flowrate
Q Lowpoint
2.

The following method is used, and the results for each pipe summed, for the pipeline from the
system highpoint to the lower station point (1/3 of the distance up the pipe to the transfer line lowpoint.)

1
Qpigh = 12232 Drain Flowrate from Highpoint, provided by Pipe-Flo
1
Q station = 141.5~% Drain Flowrate from a Stationpoint, provided by Pipe-Flo
QHigh+ Qstati
Qaverage * H Average Drain Flowrate
v . . . . .
':Q— T =2.155*min Time required to drain Pipe at the given Flowrate
average
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BACKGROUND -

This calculation is to develop head loss curves for the pumps in the W320
system when the transfer 1ines are draining following pump operation.
Ultimately, the results of this calculation will be used to determine the
antisyphon measures required for this system.

METHOD

The head ltoss curves developed in this calculation are based on data taken
from "Centrifugal and Axial Flow Pumps," second edition, by AJ Stepanoff. In
Table 13.3, Stepanoff uses actual pump test data for thirteen different
specific speed pumps to develop values for pump operation at special
conditions. (See Appendix A)

In our case we are specifically interested in the data for flow with both freg
and locked rotor. Using the "affinity laws” (as explained on page 26 of the
text) Stepanoff's data is applied to our specific pumps to determine the head
loss through the pump at different capacities.

This calculation develops head loss curves for 1) Lawrence Pump serial nos.
91231-1 and 91231-2, Submersible Pumps for positive and negative flow
conditions and 2) Lawrence Pumps, Inc. serial nos. 91232-1 and 91232-2,
Vertical Inline Slurry Pumps for negative and positive f]ow conditions.

SPECIFIC SPEED (Ref. Stepanoff, pg. 27, equation 2.6)
3 x 4 x 13 Submersible Pump

At the pump's BEP, the ﬂow is 540 gpm and the head is 114 feet when operated
at 1760 rpm. N, = nfQ/H-". The resulting specific speed N, is 1172.

3 x 3 x 13 Vertical Inline Pump

At the pump’'s BEP, the f]ow is 480 gpm and the head is 448 feet when operated
at 3056 rpm. N, = nyQ/H". The resulting specific speed, N, is 688. Since
this pump can bé operated at variable speeds, it is 1mportan% to note that
"specific speed" is related to impeller geometry (hydraulics) and will remain
the same as the pump speed is adjusted.
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CALCULATION OF HEAD LOSS

3 X 4 X 13 Submersible Pump

This pumg can rotate in a reverse direction so the Table 13.3 in Stepanoff
states that a pump at this approximate specific speed in rotor-free,
negative flow operation will have a flow of 85% in the reverse direction
while rotating at 104% of its normal speed in a reverse direction when
subjected to 100% rated head.

Stepanoff states that the affinity laws can be used to relate this data to
other operating conditions as follows:

Condition 0 1 2 3 4 5
Flow, GPM 0 40 80 120 150 175
% of 540 0 7.4 14.8 . 22.2 27.8 32.4
2
= Qz
\—\1 H‘ ( Q\\]
Conorvion: \ ., = 100 2.0\ 0. 76
T 3= e

My = 07b% (ha) = 0.6 £

ConvoiTion 2 Ho = léo(&i&%’t = 303%
: ?S .

He = 5.6"5"_/0(1\A-\ = 3.4% g7
22.2\? -
Conormion 3 H, = (00 == ] = 6.3 %
He = 6.82%01aY = T.78 &7
2
Comdivizn 4 M, =100 (%53 = 10.69 Y
He = 10.69%(1hA)= 12..2 &1
2.
CondDiTion S He = \oo(% = &% Y

Hey = 1a5% (Ma) = 16,5 FT
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The 3 x 4 x 13 Submersible Pump can be subjected to transfer line drain
down in a positive flow direction as well as negative. Again, using the
information from Stepanoff and the affinity laws, a head loss vs. flow
curve has been developed. Table 13.3 in Stepanoff states that with 100%
flow in the positive direction there will be a head loss of 25% of the pump
rated head at BEP.

e (8]

1. = e
Conpimion | \"\2525('——) = 0031,

ComDITION 2 W, = ?_5(‘2-} . O.548%

22 .2_)1

CondITioN 3 M, =25 (T

= 1.23 %
He = 1.23% (ha)= | A0 €1

ConditioN 4 He = ’LB(&I—%——Y =1.93 %

[ e

Rz = 1.93%(11a) = 2,20 ¢T

Comnimion s H, =23(38:5) = 2.59%,

lao

He=2.959%(114) = 295 7Y
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CALCULATION OF HEAD LOSS--continued

3 x 3 x 13 Vertical Inline

This pump has an anti-reverse rotation clutch on it so that during negative
flow it will have a locked rotor. Since locked rotor performance data is
not available for a specific speed of 688, the values in Table 13.3 of
Stepanoff for a pump specific speed of 1190 is used. This will give us a
reasonable estimate of the head losses across this pump. Stepanoff states
that with 100% head and 0% rotation, the negative flow will be 164%.

Using the affinity laws:

|
Condition 0 1 2 3 4 5
Flow, GPM 0 40 80 120 150 175
% of 480 0 8.3 16.6 25 31.2 36.5

2

Qel”

He= H~<a:\
2.3\*

Convoition | H,-ulco(r(;—ér\ = 0.26% He=026%(44%2) 115 ey

: 2
ComniTioN 2 He = |ooG—E%}= l.O'E.c/a Hy= \"Q'Lf/w(,;r‘:\%) * 459 ey

. .
Covorrion 3 He=\oa(ER) =232%  He=232%h(*08): 104 er

. 2 .
. ConvpiTion 4 Hc=1°°(%(¥4_- =3.06LY%  He=3.62%(44%): 2 ET

N _
CondiTion S Hg-loo(%—%;‘% =495% Re=495%(aaR)=22.2¥7
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CALCULATION OF HEAD -LOSS -- continued

" The 3 x 3 x 13 Vertical Inline pump can be subjected to transfer line drain
down in a positive flow direction as well. Again, using the information
from Stepanoff and the affinity laws, a head loss vs flow.curve has been
developed. Table 13.3 in Stepanoff states that with 100% flow in the
positive direction there will be a head loss of 25% of the rated head at
BEP. Again, it should be noted that for this case we are using data for a
pump sBec1f1c speed of 1270 because data for a specific speed of 688 is not

availabl
j'&.
i

ConbDiTion | He = 25 (‘%0%) =2 047%
He =007 "/O(cu\_g\ = 07 e~

He =Hl(

olo

Convpimion 2 Hy = 25(\‘(;‘:\ = ab¥%

He = 0.69% (448} = .08 Fr
Covnimon 3 Ho = ?.‘5(‘60)2 = .56 %

He = 196 76 (44%) = q1ET

ConDiTioN 4 H, = Z“:(?ég') 2.43%
Ho = 2.45°/D(44%)= o9 BT

ConpiTion 5 He = 15(%_"9__)"" = 3.9,
P s 333% (44%) = 149 FT
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FLUOR DANIEL Cate. No. w-gzo-27-o45, app 8

Revision No.:

NORTHWEST DESIGN ANALYSIS PageNo. 1  of 5

clent  NUMATEC HANFORD COMPANY WOWobNo. E09141  Fiename scfm-.med

Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97 gy D.L. EVANS @f L.
Airflow vs Pressure Drop Across Anti-Siphoning Holes ~Checked 8y M.D. BROCKETI/7P

Location € TANK FARM - HANFORD 200 EAST AREA Revised By

OBJECTIVE:

The objective of this calculation is to determine the airflow vs pressure drop across the anti-siphon
holes of the W-320 Slurry and Supernate Lines.

DESIGN INPUTS:
Project W-320 Calculation W-320-27-045

Project W-320 Hydraulic Diagram - Drawing H-2-818536, Rev. 0

ASSUMPTIONS:
1. The anti-siphon holes are open.
2. The anti-siphon holes can be modeled as pressure-relieving devices as described in ANS1 / API RP

520, Ref. 1, for equipment having a maximum allowable working pressure of 15 psig (applicable to the
system during siphoning.)

METHOD of ANALYSIS:

Method used is as described in ANSI / API RP 520, Ref. 1, to determine air flow (SCFM) through
anti-siphoning holes.

Calculations performed using Mathcad 6.0, MathSoft, Inc. are shown with sources noted adjacent to formulas.
REFERENCES

1. ANSI/API RP 520

2. Project W-320 Calculation W320-27-045, Appendices E, G, | & K.

CONCLUSIONS
All analyses were performed for only one anti-siphoning hole on each line. In all cases the air-flow was
less than critical air flow for the available upstream pressure.

The following table shows air flows available through the anti-siphon holes at differential pressures provided by
the system siphoning models at anti-siphon hole locations (Ref. 2)

Slurry Line AP Air Flow Supernate Line AP Air Flow
psid {SCFM) psid (SCFM)

10% Solids 6.158 49.33 0% Solids 3.917 11.23

30% Solids 6.656 49.54 10% Solids 4,368 11.58
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FL UO R D, A NIEL Cale. No. W-320-27-045, App B

Revision No: O

NORTHWEST DESIGN ANALYSIS PageNo. 2  of 5

cient NUMATEC HANFORD COMPANY WO/Job No. E09141 Filename siphon\tg(t. o

Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 /97 By D.L. EVANS én é

Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked By M.D. BROCKETT@
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

CALCULATIONS

1._ Check for Critical Flow

Criticat throat pressure is calculated for the most conservative case, only.
Maximum differential pressure from the four siphon models was for the 30% Solids Slurry line.

Py =144 psia Atmospheric (Dome Air Space) Pressure - Atmospheric at Elev. 640 ft

AP =6.656  psi Maximum Pressure Drop across Anti-Siphon Hole during Siphon Flow, in psig
(Ref. 2)

Py =P - AP Py =77 psia Pipe internal pressure at Anti-Siphon Hole during Siphon Flow, in psia

x
. Peof 2 k-1 . . i
From the equation: i ek 1)] inwhich: k=14 (Ref. 1, Equation 1)
P =144 psia
k
o k-1
Pfi=P 1-[ o N ] P.r=76 psia Critical Flow Throat Pressure

(Ref. 1, Sec. 4.3.1)
Note: P,=77 psia > Py=76  psia Since the downstream pressure, P,, exceeds the

Critical Flow Pressure, P, Subcritical Flow occurs.

2. Subcritical Flow Equation for Air Flow through One Anti-Siphon Hole

10% Solids Sturry Line - 1/2" Hole Diameter (Calcuiation shown for 10% Solids Slurry Line case.
All cases are tabulated and graphed.)
From the equation: A = \ ZTM Effective required discharge  Ref. 1, Pgs 28 & 29,
a . 4645.2-F 5K 4 JP rP1- Pz) area of the Anti-Siphon hole  Equation 6

Solving for air flow:

F Fy [P (P1-P
vV = 4645.2-Kd~A-—-—2——-——— = 4645.2~Kd‘A~w

ZTM NZTM

Pi(P1-P2)
4645.2°K ¢-A v
Vs [ {F2 P (P1 - P2) V=495 SCFM Required flow through a Single
NZTM Anti-Siphon Hole

HNF-2477, Rev. 0
Page B-46




Calc.No. W-320-27-045, App.
FLUOR DANIEL RevisionNo.: 0
NORTHWEST DESIGN ANALYSIS PageNo. 3 of B
cient NUMATEC HANFORD COMPANY WO/JobNo. E09141 Filename  siphon\text.med
Subject PROJECT W-320 WASTE RETRIEVAL for TANK 241-C-106 Date 3/5 797 By D.L.EVANS
Pipe Drainflow and Anti-Siphon Sizing for Transfer Lines Checked By M.D. BROCKET}/#
Location C TANK FARM - HANFORD 200 EAST AREA Revised By

inwhich: k=14

T Farenheit =300 F

Ratio of Specific Heats (Air)

Temperature in degrees Farenheit

Temperature in degrees Rankine

Molecular weight of air

Compressibility factor for the deviation of the

actual gas from a perfect gas

T =T Farenheit + 460 T =5400 R
M =29.0
Z=10
K4 =0975
P
| g — r=0.5
Py
d=0.5 in
2
A=EE A0 i
3
k_
) [ *-1
% -T
Fp:= (m)(r)k-? Fy=07

Effective coefficient of discharge

Ratio of backpressure to upstream relieving pressure
(Pipe internal pressure to Dome Space pressure)

Diameter of siphon holes

Actual Discharge Area of siphon holes

Coefficient of subcritical flow through siphon holes

Collecting variables and regrouping, this equation can be simplified to:

Vi=(4645.2) (K a) (P1) (A | gy

k Py
Py

2 k1

kop
2

) - (_—) V=495 SCFM
Py
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Calc. No. W-320-27-045, App.
Revision No.: O
PageNo. 4 of 5
E09141 Filename  siphon\text,med
3/5 /97 By D.L. EVANS

By M.D. BROCKET
By

Actual Discharge Area of a single siphon hole

Slurry Line - 1/2" Hole Diameter
. _w(d)? _ P
d = in A.-T A=0.196 in
4AP; = Differential pressure at Anti-Siphon Hole
o location during Siphon Flow, inpsia  (Ref. 2, Pg.5)
0.3153 | <---- Required to support free draining.
0.5 (10% Solids, conserv.)
1.0
2.0
30 | pst
40 -
61397 <~ 10% Solids P2, =P~ 4P,
6.636 | <-— 30% Solids
2 9]
. Pzi 13 Pzi k
V;1=(4645.2)-(K g)- (P 1) (A MTZ&-1)|\Py) \Pr

Air flow through One Anti-Siphon Hole

Pipe internal pressure at
Anti-Siphon Hole location
during Siphon Flow, in psia

81824 < 10% Solids
9 7.74 <--- 30% Solids

<--— Volumetric Flow Required
to support free draining
(10% Solids, conserv.)

\% SCFM

849.33 < 10% Solids
49,54 < 30% Solids
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Sluice (Supernate) Line - 1/4" Hole Diameter

-(d)?
in A :=# A=0049 in? Actual Discharge Area of a single siphon hole

.- Differential pressure at Anti-Siphon Hole

' location during Siphon Flow, in psia  (Ref. 2, Pg. 5)
Pipe internal pressure at

0.1
02 Anti-Siphon Hole location
0.3 during Siphon Flow, in psia
0.73
10
'2‘8'3_20 Required to support free draining. -
.3_'9_1_7_ < (0% Solids, conserv.)
2;33'8' <enee 0% Solids Py =P - AP cia
368] <« 10% Solids R P
<---- 0% Solids

<-— 10% Solids

k P2iF Pzi
V= (4645.2) (R a): (P 1) (A |z =Ty (T’T) '(ﬁ)

Volumetric Flow Required
R to support free draining
110.08 <—- (0% Solids, conserv.)

8 11.23 < 0% Solids
9} 11.58 <—- 10% Solids

Air flow through One Anti-Siphon Hole V=
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Siphon Hole dP vs Air Flow
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CMF300 flow rate vs. pressure drop

Pressure Drop (psid)

50 300 1000 3000 5000 10,000

Flow Rale {ib/min}

Finding pressure drop of process fluids with a viscosity
near 1 centipoise (it)

1. The pressure drop charts shown above have several
curves, which represent different viscosity (it} values. For
fiuids with a viscosity similar to water, use the curve
labeled |1 = 1.0,

2. Locate the point on the English units or Metric units graph
where the vertical line representing the desired flow rate
intersects the curve labeled p=1.0.

3. From that point, locate the nearest horizontal line, then
_refer to the left side of the graph, which indicates pressure
drop (in psid or bar) at the desired flow rate.

4, Divide the pressure drop indicated on the graph by the’
specific gravity (S) of the process fluid relative to water:

B8P, = AP e Seeaive towarer

Pressure Drop (bar)

0.0003

1 .
1360 10,000 50,000 272,100
Flow Rate (kg/hr)

Finding pressure drop of process fiuids with a viscosity
above 1 centipoise (p)

1. The pressure drop charts shown above have several
curves, which represent different viscosity (1) values. Use
method a or b, below, to find the process fluid viscosity

(f )
a. For fluids with a viscosity between any two values

plotted on the English units or Metric units graph,
interpolate the approximate f____location.

o

. For fluids with a viscosity above the highest value
plotted on the graph, find the ratio of actual viscosity to
plotied viscosity:

fviwos&ry = o) Hoonea
. Multiply the pressure drop indicated on the left side of the
graph by the fw value from step 1:
AP = AP e X b
3. To find the actual pressure drop, divide the AP from step 2
by the specific gravity (S) of the process fluid relative to
water:

AP, = APIS

retative 10 waler
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100

17,5

o O
w O;

Pressure Drop (psid)

e
=N

0.05
0.03

0.01

0.005
0.003

0.001
50 300 1000 3000 5000 10,000

Flow Rate (Ib/min)

CMF300 flow rate s pressure drop
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Station Points Table

Station Point

Slurry Line Station Point  Elevation Length of Pipe 90 deg Els

Node ~N--3 1610.29 641.42 6
Pipe 3.1 : 410.3

Node ~N--3.1 1200.00 650.39 4
Pipe 3.2 468.1

Node ~N--3.2 731.88 661.63 11
Pipe 3.3 843.2

Node ~N--3.3 -111.35 675.46

1721.6 Line Length

Station Point

Supernate Line Station Point  Elevation Length of Pipe 80 deg Els

Node ~N--7 1628.74 641.42 5
Pipe 4.3 4287

Node ~N--6 1200.00 650.39 4
Pipe 4.2 468.1

Node ~N--5 731.88 661.63 10
Pipe 4.1 822.8

Node ~N--4 -90.91 677.11

1719.7 Line Length

TABLES.XLS
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Company: Fluor Daniel Northwest 03/13/97 3:52 pm

Project: W-320 Anti-Siphon Calculation Lineup: SIPH10%1
by: D. L. Stone rev: 03/13/97 3:50 pm
System: SIPH10%1 Deviation: 0.000354 %
rev; 03/13/97 3:48 pm ’ after: 9 iterations

Slurry Line - Siphon - 10% Solids - configuration 1

Volumetric flow rates require constant fluid properties in all pipelines. Fluid properties in the first specification
were used in this calculation.

LINEUP SUMMARIES

PIPELINE FLOW PRESSURE SET LEVEL

gpm SOURCE psig ft
Pipe 0 >>> 112 ~N--0 0 0
Pipe 6.1 <<< 30.55 ~N--6.1 0 17.1
Pipe 6.2 <<< 30.55. ~N--6.2 0 17.1
Pipe 7.11 <<< 2545 ~N--7.11 0 17.75
Pipe 7.22 <<< 2545 ~N--7.22 0 17.75

Flows IN: 112 gpm
Flows OUT: 112 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. 0
Page B-64
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LINEUP NODES 03/13/97 3:52 pm

NODE ELEVATION DEMAND PRESSURE H GRADE
ft gpm psig ft
N0 608 0 (source) 608
~N--1 608.443 -0.189 608.1
~N--2 . 609.838 2.668 615.3
~N--2.1 639.107 -11.1 616.2
~N--2.2 639.107 -11.09 616.2
~N--3 639.461 -6.676 625.7
~N--3.1 650.42 -9.017 631.8
~N--3.2 661.63 -11.48 637.9
~N--3.3 676.05 -13.01 649.2
~N--4 674.769 -12.27 649.4
~N--4.1 674.769 -10.7 652.7
~N--5 674.269 -10.32 653
~N--5.1 665.8 -6.159 653.1
~N--6 636.556 8.232 653.6
~N--6.1 636.556 8.284 (source) 653.7
~N--8.2 636.556 8.284 (source) 653.7
~N--7 635.91 8.546 653.6
~N--7.1 635.91 8.565 653.6
~N--7.11 635.91 8.597 (source) 653.7
~N--7.2 635.91 8.565 653.6
~N--7.22 635.91 8.597 (source) 653.7
PIPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids HNF-2477, Rev. 0

Page B-65




LINEUP PIPELINES

{PELINE FROM TO FLOW VEL
gapm ft/sec
el ~N--1 ~N--0 112 *1.798
Sipe 1 ~N--2 ~N--1 112 *4.864
----- Rev. Flow [P - dP: 3.284 HL: 6.781
2ipe 2 ~N--2.1 ~N--2 112 *2.825
Sipe 2.1 ~N--2.2 ~N--2.1 112 *2.825
Sipe 3 ~N--3 ~N--2.2 112 *4.864
----- Rev.Flow BP ----- dP: 4.374 HL: 9.031
“ipe 3.1 ~N--3.1 ~N--3 112 *2.825
~ipe 3.2 ~N--3.2 ~N--3.1 112 *2.825
“ipe 3.3 ~N--3.3 ~N--3.2 112 *2.825
~ipe 3.4 ~N--4 ~N--3.3 112 *2.825
“ipe 4 ~N--4.1 ~N--4 112 * 4.864
----- Micromotion10% ----- dP:; 1.22 HL: 2.518
~ipe 5 ~N--5 ~N-4.1 112 *2.825
>ipe 5.1 ~N--5.1 ~N--5 112 *3.128
~ipe 5.2 ~N--6 ~N--5.1 112 *3.128
>ipe 6.1 ~N--6.1 ~N--6 30.55 *3.322
~ipe 6.2 ~N--6.2 ~N--6 30.55 *3.322
~ipe 7 ~N--7 ~N--6 50.9 *1.422
“ipe 7.1 ~N--7.1 ~N--7 25.45 *0.711
~ipe 7.11 ~N--7.11 ~N--7.1 25.45 *2.767
~ipe 7.2 ~N--7.2 ~N--7 25.45 *0.711
~ipe 7.22 ~N--7.22 ~N--7.2 25.45 *2.767

PIPE-FLO ver 5.01

Slurry Line Siphoning 10% Solids

03/13/97 3:52 pm

dp
psig

(0.189)
2.858

(13.77)
0.006
4.415

(2.341)
(2.462)
(1.528)
0.739
1.574

0.375
4.161
14.39
0.052
0.052
0.314
0.019
0.031
0.019
0.031

HL

0.052
7.296

0.847
0.013
9.469

6.125
6.126
11.26
0.244
3.251

0.274
0.123
0.470
0.107
0.107
0.003
0.040
0.065
0.040
0.085
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Company: Fluor Daniel Northwest
Project: W-320 Anti-Siphon Calculation

by: D. L. Stone
SYSTEM REPORT
Created: 01/24/97 1:41 pm
Design file:
Pipe Specs: 2
Slurry Line - Siphoning - 10% Solids  (70F) -

SYSTEM NODES

03/13/97 3:53 pm
System: SIPH10%1
rev: 03/13/97 3:48 pm

Pipes: 20
Nodes: 21
Pumps/Comps: 3

configuration 1

NODE ELEVATION PIPELINES IN PIPELINES OUT
~N--0 608 Pipe O
~N--1 608.443 Pipe 1 Pipe 0
~N--2 609.838 Pipe 2 Pipe 1
~N--2.1 639.107 Pipe 2.1 Pipe 2
~N--2.2 639.107 Pipe 3 Pipe 2.1
~N--3 639.461 Pipe 3.1 Pipe 3
~N--3.1 650.42 Pipe 3.2 Pipe 3.1
~N--3.2 661.63 Pipe 3.3 Pipe 3.2
~N--3.3 676.