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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

-



TPage

of

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
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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.
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(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 |
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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
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(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
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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
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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

HNF-2477, Rev. 0
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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--3.3 676.05 Pipe 3.4 Pipe 3.3
~N--4 674.769 Pipe 4 Pipe 3.4
~N--4.1 674.769 Pipe 5 Pipe 4
~N--5 674.269 Pipe 5.1 Pipe 5
~N--5.1 665.8 Pipe 5.2 Pipe 5.1
~N--6 636.556 Pipe 6.1 Pipe 5.2

Pipe 6.2

Pipe 7
~N--6.1 636.556 Pipe 6.1
~N--6.2 636.556 Pipe 6.2
~N--7 635.91 Pipe 7.1 Pipe 7

. Pipe 7.2

~N--7.1 635.91 Pipe 7.11 Pipe 7.1
~N--7.11 635.91 Pipe 7.11
~N--7.2 635.91 Pipe 7.22 Pipe 7.2
~N--7.22 635.91 Pipe 7.22
PIPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids HNF-2477, Rev. 0
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PIPELINE

Pipe 0
Pipe 1
Pipe 2
Pipe 2.1
Pipe 3
Pipe 3.1
Pipe 3.2
Pipe 3.3
Pipe 3.4
Pipe 4
Pipe 5
Pipe 5.1
Fipe 6.2
Pipe 6.1
Pipe 6.2
Pipe 7
Pipe 7.1
Pipe 7.11
Pipe 7.2
Pipe 7.22

PIPE-FLO ver 5.01

SPEG

01
01
01
01
01
01
01
01
01
01
01
02
02
02
02
02
02
02
02
02

SYSTEM PIPES

FROM_NODE TO_NODE
~N--1 ~N--0
~N--2 ~N--1
~N--2.1 ~N--2
~N--2.2 ~N--2.1
~N--3 ~N--2.2
~N-3.1 ~N--3
~N--3.2 ~N--3.1
~N--3.3 ~N--3.2
~N--4 ~N--3.3
~N--4.1 ~N--4
~N--5 ~N--4.1
~N--5.1 ~N--5
~N--6 ~N--5.1
~N--6.1 ~N--6
~N--6.2 ~N--6
~N--7 ~N--6
~N--7.1 ~N--7
~N--7.11 ~N--7.1
~N--7.2 ~N--7
~N--7.22 ~N--7.2

Slurry Line Siphoning 10% Solids

03/13/97 3:53 pm

PUMP/COMP

Rev. Flow IP

Rev.Flow BP

Micromotion10%

HNF-2477, Rev. 0
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SYSTEM COMPONENTS 03/13/97 3:53 pm

PUMP/COMP PERFORMANCE DATA
Micromotion10% gpm: 0 50 150 250 350
. ft: 0 0.702 3714 9.286 17.128

eqn: 0.00113187 Q * 1.63348

Rev. Flow IP gpm: 0 40 80 120 150
ft: ] 0.86 3.45 7.78 12.2
eqn: 0.000525277 Q * 2.00609

Rev.Flow BP gpm: 0 40 80 120 150
ft: 0 1.15 4.59 10.4 16.2
egn: 0.00071108¢ Q * 2.00264

. . HNF-2477, Rey.
PIPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids Page B-69 Rev.0



Company: Fluor Daniel Northwest 03/17/97 7:20 am

Project: System: SIPH10%1
by: D. L. Stone rev: 03/17/97 7:16 am
PIPELIST REPORT
Created: 01/24/97 1:41 pm Pipes: 20
Design file: Nodes: 21
Pipe Specs: 2 Pumps/Comps: 3

Slurry Line - Siphoning - 10% Solids  (70F) - configuration 1
SPECIFICATIONS

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE  DESIGN LIMITS
Sch / Roughness Temp / Pres Vel / Pres
01 10% Sch 40 Steel 10% solids Standard 6 - 10 ft/sec
rev: 03/13/97 3:.07 pm  Sch 40 70 °F -14.4-300psig
0.0018 in Opsig

Size for: 6 ft/sec

02 10% Sch 80 Steel 10% solids Standard 6 - 10 ft/sec
rev: 03/17/97 7:16 am  Sch 80 70 °F -14.4 - 300 psi g
0.0018in Opsig
Size for: 6 ft/sec
PIPE-FLO ver 5.01 HNF-2477, Rev. 0
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PIPELINE

K Pipe 0
Pipe 1
Pipe 2
Pipe 2.1
Pipe 3
Pipe 3.1
Pipe 3.2
Pipe 3.3
Pipe 3.4
Pipe 4
Pipe 5
Pipe 5.1
Pipe 5.2
Pipe 6.1
Pipe 6.2
Pipe 7
Pipe 7.1
Pipe 7.11
Pipe 7.2

Pipe 7.22

PIPE-FLO ver 5.01

PIPELIST

SPEC MATERIAL

Size / Sch
01 Steel
5in/40
01 Steel
3in/40
01 Steel
4in/40
01 Steel
4in/40
01 Steel
3in/40
01 Steel
4in/40
01 - Steel
4in/40
01 Steel
4in/40
01 Steel
4in/40
01 Steel
3in/40
01 Steel
4in/40
02 Steel
4in/80
02 Steel
4in/80
02 Steel
2in/80
02 Steel
2in/80
02 Steel
4in/80
02 Steel
4in/80
02 Steel
2in/80
02 Steel
4in/80
02 Steel
2in/80

LENGTH
ft

0.442

2.323

34.861

1

4,767

427.608

468.1

843.2

1.424

3.165

3.841

7.667

29.354

0.5

0.5

0.65

0.51

0.17

0.51

0.17

03/17/97 7:20 am

FLUID
Temp / Pres

10% solids
70°F/0psig
10% solids
70°F/0Opsig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/Qpsig
10% solids
70°F/Qpsig
10% solids
70°F/0Opsig
10% solids
70°F/0psig
10% solids
70°F/Qpsig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/Opsig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/Opsig
10% solids
70°F /0 psig

10% solids
70 °F/0psig

VALVES
Total-K

1
1.112

3.303

0.5971
6.059
1.956
5.379
1.828
1.6

1.824

0.5

0.5

4.997
0.5
4.997

0.5

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest
Project: W-320 Anti-Siphon Calculation

03/13/97 3:54 pm
System: SIPH10%1

by: D. L. Stone rev: 03/13/97 3:48 pm
MATERIALS REPORT
Created: 01/24/97 1:41 pm Pipes: 20
- Design file: Nodes: 21
" Pipe Specs: 2 Pumps/Comps: 3

Slurry Line - Siphoning - 10% Solids
PIPE MATERIALS LIST

(70F) - configuration 1

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS
Size / Sch ft
Pipe 0 01 Steel 0.442 1-Exit Projecting
5in/40
Pipe 1 01 Steel 2.323 3-Elbow Short - r/d 1 @ 90°
3in/40 1-Reducer Enlargement 4 X 3
Pipe 2 01 Steel 34.861 1-Elbow Short - r/d 1 @ 45°
4in/40 5-Elbow Short - r/d 1 @ 90°
2-Elbow Long - r/d 1.5 @ 90°
1-Mitre Bend @ 90° @ 90°
Pipe 2.1 01 Steel 1
4in /40
Pipe 3 01 Steel 4,767 1-Reducer Contraction 4 X 3
3in/40 1-Reducer Enlargement 4 X 3
2-Elbow Long - r/d 1.5 @ 90°
Pire 3.1 01 Steel 427.608  2-Mitre Bend @ 90°
4in/40 3-Elbow Long - r/d 1.5 @ 90°
6-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 45°
Pipe 3.2 01 Steel 468.1 4-Pipe Bend r/d 10 @ 90°
4in/40
Pipe 3.3 01 Steel 843.2 11-Pipe Bend r/d 10 @ 90°
4in/40
Pipe 3.4 01 Steel 1.424 1-Mitre Bend @ 90°
4in/40 1-Elbow Long - r/d 1.5 @ 90°
1-Reducer Contraction 4 X 3
Pipe 4 01 Steel 3.155 1-Fixed K 1.357
3in/40 1-Elbow Long - r/d 1.5 @ 90°
Pipe 5 01 Steel 3.841 3-Elbow Long - r/d 1.5 @ 90°
4in/40 1-Mitre Bend @ 90°
1-Reducer Enlargement 4 X 3
"~ Pipe 5.1 02 Steel 7.667
4in/80

2IPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids HNF-2477, Rev. ¢
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PIPE MATERIALS LIST 03/13/97 3:54 pm

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS
_ Size / Sch ft
Pipe 5.2 02 Steel 29.354
4in/80
Pipe 6.1 02 Steel 0.5 1-Entrance Sharp-Edged
2in/80
Pipe 6.2 ) 02 Steel 0.5 1-Entrance Sharp-Edged
2in/80
Pipe 7 02 Steel 0.65
4in/80
Pipe 7.1 02 Steel 0.51 1-Reducer Enlargement 4 X 2
4in/80
Pipe 7.11 02 Steel 0.17 1-Entrance Sharp-Edged |
2in/80 |
Pipe 7.2 02 Steel 0.51 1-Reducer Enlargement 4 X 2
4in/80
Pipe 7.22 02 Steel 0.17 1-Entrance Sharp-Edged
2in/80
PIPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids HNF-2477, Rev. 0
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PIPE SUMMARY 03/13/97 3:54 pm

PIPE MATERIAL SCHEDULE SIZE LENGTH

Steel 40 3in 10.245 1t
4in 1780.03 ft
5in 0.442 ft

Steel 80 2in 1.34 ft
4in 38.691 ft

VALVE & FITTING SUMMARY

SPECIFICATION MATER!AL SCHEDULE VALVES & FITTINGS
01 10% Sch 40 Steel 40
Size: 3in 3-Elbow Short - r/d 1 @ 90°

2-Reducer Enlargement 4 X 3
1-Reducer Contraction 4 X 3
3-Elbow Long - r/d 1.5 @ 90°
1-Fixed K 1.357

Size: 4in 1-Elbow Short - r/d 1 @ 45°
5-Elbow Short - r/d 1 @ 90°
9-Elbow Long - r/d 1.5 @ 90°
5-Mitre Bend @ 90° @ 90°

21-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 45°
1-Reducer Contraction 4 X 3
1-Reducer Enlargement 4 X 3

Size: 5in 1-Exit Projecting
02 10% Sch 80 Steel 80
Size: 2in 4-Entrance Sharp-Edged
Size: 4 in 2-Reducer Enlargement 4 X 2
PIPE-FLO ver 5.01 Slurry Line Siphoning 10% Solids HNE-2477, Rev. 0
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Company: Fluor Daniel Northwest

Project:

by: D. L. Stone

PIPING MATERIAL: Steel
Schedule: 40

abs roughness: 0.0018 in

PIPE SIZE: 4 in

dia: 4.026 in
LENGTH: 3.841 ft

ELEVATION in: 674.269
out: 674.769 ft

Flow ffp
gpm

112 .0341
¢] .0000
33.04 .0494
66.08 .0396
99.12 .0352
132.2 .0326
165.2 .0308
198.2 .0294
231.3 .0284
264.3 .0275
297.4 .0268
330.4 .0262
363.4 .0257
396.5 .0252
VALVE / FITTING

Vel
ft/sec

2.825
0
0.833
1.667
2.5
3.333
4.167
5
5.833
6.667
7.5
8.333
9.167
10

Elbow Long -r/d 1.5 90°

Reducer Enlargement 4x3x4
FFT: 0.0163

PIPE-FLO ver 5.01

dP
psi
0.375
0.242
0.255
0.290
0.347
0.426
0.526
0.648
0.792
0.956
1.143
1.35
1.579
1.829

03/17/97 7:23 am

System: SIPH10%1

rev: 03/17/97 7:16 am
PIPELINE REPORT

Pipe 5 rev: 03/13/97 2:50 pm
SPECIFICATION: 10% Sch 40
SIZING Criteria: 6 ft/sec

LIMITS Velocity: 6 to 10 ft/sec
Pressure: -14.4 to 300 psig

FLUID 10% solids at tmp: 70 °F
: pres: 0 psig
den: 69.78 Ib/ft®
vsc: 12.87 cpois

PIPELINE RESISTANCE CURVE

VALVES and FITTINGS
K-VALUE VALVE / FITTING K-VALUE

3@0.2282 Mitre Bend @ 90° 0.978

0.1612

TOTAL K: 1.824 Avg Percent of Total Loss: 84 %

HNF-2477, Rev. ©
Page B4 o
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Company: Fluor Daniel Northwest 03/17/97 12:42 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAN10%1
by: D. L. Stone rev: 03/17/97 12:40 pm
> system: DRAN10%!1 Deviation: 0.0011 %
rev: 03/17/97 7:36 am after: 4 iterations

Slurry Line - Drain from High to Endpoint - 10% Solids (70F)

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

LINEUP SUMMARIES
" PIPELINE FLOW PRESSURE SET LEVEL
gpm SOURCE psig ft
Pipe 0 >>> 146.7 ~N--0 0 0
Pipe 3.3 <<< 146.7 ~N--3.3 0 0

Flows IN: 146.7 gpm
Flows QUT: 146.7 gpm

NET FLOWS: 0 gpm

PIPE-FLO ver 5.01 Slurry Line Drainflow - Highpoint to Endpoint - 10% Solic HNF-2477, Rev. 0

Pace R-77




LINEUP NODES 03/17/97 12:42 pm

NODE ELEVATION DEMAND PRESSURE H GRADE

ft apm psig ft

608 0 (source) 608
608.443 -0.171 608.1
609.838 5.22 620.6
639.107 -8.276 622
639.107 -8.267 622
639.461 -0.574 638.3
650.42 -1.098 648.2
661.63 -1.773 658
676.05 0 (source) 676

PIPE-FLO ver 5.01 Slurry Line Drainflow - Highpoint to Endpoint - 10% So ;’;:5 -1547787’ Rev.0



PIPELINE FROM
e 0 ~N--1
Pipe 1 ~N--2
----- Rev. Flow IP -—-- dP: 5.645
Pipe 2 ~N--2.1
Pipe 2.1 ~N--2.2
Pipe 3 ~N--3
----- Rev.Flow BP - dP: 7.512
Pipe 3.1 ~N--3.1
Pipe 3.2 ~N--3.2
Pipe 3.3 ~N--3.3

PIPE-FLO ver 5.01

LINEUP PIPELINES

TO

~N--0

~N--1
HL: 11.66

~N--2
~N--2.1

~N--2.2
HL: 15.51

~N--3
~N--3.1
~N--3.2

FLOW
gpm
146.7
146.7

146.7
146.7
146.7

146.7
146.7
146.7

VEL

ft/sec

*2.355
6.372

*3.701
*3.701
6.372

*3.701
*3.701
*3.701

03/17/97 12:42 pm

dP

psig

0.171)
5.392

(13.5)
0.010
7.693

(0.524)
(0.674)
1.773

Slurry Line Drainflow - Highpoint to Endpoint - 10% Soli

HL

0.089
12.53

1.402
0.020
16.24

' 0.876
9.818
18.08

HNF-2477, Rev. 0
Pace B-70
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Company: Fluor Daniel Northwest 03/17/97 1:03 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAN10%2
by: D. L. Stone rev: 03/17/97 1:02 pm
F\;‘* System: DRAN10%2 Deviation: 0.000921 %
rev: 03/17/97 12:43 pm after: 5 iterations

Slurry Line - Drain from Stationpoint to Endpoint - 10% Solids (70F)

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 >>> 150.9 ~N--0 0 0

Pipe 3.1 <<< 150.8 ~N--3.1 0 0

Flows IN: 150.9 gpm
Flows OUT: 150.9 gpm

NET FLOWS: 0 gpm

PIPE-FLO ver 5.01 Slurry Line Drainflow - Lowpoint to Endpoint - 10% Sol HNF-2477, Rev. 0
Page B-81




LINEUP NODES 03/17/97 1:03 pm

NODE ELEVATION DEMAND PRESSURE H GRADE

ft gpm psig ft

A System Component is out of range - results may not be valid.

~N--0 608 0 (source) 608
~N--1 608.443 -0.169 608.1
~N--2 609.838 5.577 621.4
~N--2.1 639.107 -7.883 622.8
~N--2.2 639.107 -7.873 622.9
~N--3 639.461 0.277 640
~N--3.1 650.42 0 (source) 650.4
PIPE-FLO ver 5.01 Slurry Line Drainflow - Lowpoint to Endpoint - 10% Solid

HNF-2477, Rev. 0
Pace R_99




LINEUP PIPELINES 03/17/97 1:03 pm

PIPELINE FROM TO FLOW VEL dP
gpm ft/sec psig
A System Component is out of range - results may not be valid.
Pipe 0 ~N--1 ~N--0 150.9 *2.422 (0.169)
Pipe 1 ~N--2 ~N--1 150.9 6.555 5.746
----- Rev. Flow IP (out of range)----- dP: 5.975 HL: 12.34
Pipe 2 ~N--2.1 ~N--2 150.9 * 3.807 (13.46)
Pipe 2.1 ~N--2.2 ~N--2.1 150.9 *3.807 0.010
Pipe 3 ~N--3 ~N--2.2 150.9 6.555 8.15
----- Rev.Flow BP (out of range)----- dP: 7.95 HL: 16.41
Pipe 3.1 ~N--3.1 ~N--3 150.9 *3.807 (0.277)
PIPE-FLO ver 5.01 Slurry Line Drainflow - Lowpoint to Endpoint - 10% Solic

0.094
13.26

1.478
0.021
17.18

10.39

HNF-2477, Rev. 0

Paocn R Q1
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Company: Fluor Daniel Northwest

Project: W-320 Anti-Siphon Calculation

by: D. L. Stone

" system: SIPH30%1

rev: 03/13/97 3:47 pm

Slurry Line - Siphon - 30% Solids (70F) -configuration 1

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

PIPELINE

Pipe 0
Pipe 6.1
Pipe 6.2
Pipe 7.11
Pipe 7.22

PIPE-FLO ver 5.01

>>>

<<<

<<<

<<<

<<<

FLOW
gpm
81.03
20.91
20.91
19.61
19.61

03/13/97 4:07 pm
Lineup: SIPH30%1
rev: 03/13/97 3:56 pm

Deviation: 0.0044 %
after: 12 iterations

LINEUP SUMMARIES

PRESSURE SET
SOURCE psig
~N--0 0
~N--6.1 0
~N--6.2 0
~N--7.11 0
~N--7.22 o

Flows IN: 81.04 gpm
Flows OUT: 81.03 gpm

NET FLOWS IN: 0.010 gpm

Slurry Line Siphoning 30% Solids

LEVEL
ft

171
171
17.75
17.75

HNF-2477, Rev. 0
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NODE

~N--0
~N--1
~N--2
~N--2.1
~N--2.2
~N--3
~N--3.1
~N--3.2
~N--3.3
~N--4
~N--4.1
~N--5
~N--5.1
~N--6
~N--6.1
~N--6.2
~N--7
~N--7.1
~N--7.11
~N--7.2
~N--7.22

PIPE-FLO ver 5.01

ELEVATION
ft

608
608.443
609.838
639.107
639.107
639.461
650.42
661.63
676.05
674.769
674.769
674.269
665.8
636.556
636.556
636.556
635.91
635.91
635.91
635.91
635.91

LINEUP NODES

gpm

DEMAND

03/13/97 4:07 pm

PRESSURE
pstg

0 (source)
-0.215

1.071

-13.7

-13.69
-11.24
-12.99

-14.65 ***
-14.58 ***
-13.84
-11.49
-11.13

-6.656

8.834

8.875 (source)
8.875 (source)
9.172

9.186

9.211 (source)
9.186

9.211 (source)

Slurry Line Siphoning 30% Solids

H GRADE
ft

608

608

611.9
612.7
612.7
617.8
625.4
633.4
648

648.1
662.6
652.8
653

653.6
853.7
653.7
653.6
653.6
653.7
653.6
653.7

HNF-2477, Rev. 0
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LINEUP PIPELINES

=]PELINE FROM TO
.0 ~N--1 ~N--0
~ipe 1 ~N--2 ~N--1
----- Rev. Flow [P ~----dP: 1.838 HL: 3.543
Sjpe 2 - ~N--2.1 ~N--2
~ipe 2.1 ~N--2.2 ~N--2.1
Pipe 3 ~N--3 ~N--2.2
----- Rev.Flow BP --—- dP: 2451 HL: 4.724
~ipe 3.1 ~N--3.1 ~N--3
~ipe 3.2 ~N--3.2 ~N--3.1
~ipe 3.3 ~N--3.3 ~N--3.2
2ipe 3.4 ~N--4 ~N--3.3
Pipe 4 ~N--4.1 ~N--4
----- Micromotion30% ----- dP: 2.122 HL: 4.09
~N--5 ~N--4.1
~N--5.1 ~N--5
~N--6 ~N--5.1
~N--6.1 ~N--6
~N--6.2 ~N--6
~N--7 ~N--6
~N--7.1 ~N--7
~N--7.11 ~N--7.1
~N--7.2 ~N--7
~N--7.22 ~N--7.2

PIPE-FLO ver 5.01

FLOW
gpm
81.03
81.03

81.03
81.03
81.03

81.03
81.03
81.03
81.03
81.03

81.03
81.03
81.03
20.91
20.91
39.21
19.61
19.61
19.61
19.61

VEL
ft/sec
*1.301
*3.519

*2.044
*2.044
*3.519

*2.044
*2.044
*2.044
*2.044
*3.519

*2.044
*2.263
*2.263
*2.273
*2.274
*1.095
*0.548
*2.132
*0.548
*2.132

Slurry Line Siphoning 30% Solids

03/13/97 4:07 pm

dP

psig

(0.215)
1.285

(14.77)
0.008
2.451

(1.746)
(1.66)
0.068
0.739
2.355

0.354
4.477
15.49
0.042
0.042
0.339
0.013
0.025
0.013
0.025

HL

0.029
3.872

0.801
0.017
5.076

7.595
8.011
14.55
0.142
4.538

0.183
0.158
0.606
0.080
0.080
0.006
0.026
0.048
0.026
0.048

HNF-2477, Rev. 0
Pace R-R%




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

03/13/97 4:07 pm
System: SIPH30%1

rev: 03/13/97 3:47 pm

Pipes: 20
Nodes: 21

Pumps/Comps: 3

Slurry Line - Siphoning - 30% Solids  (70F) - configuration 1

SYSTEM NODES

NODE ELEVATION PIPELINES IN PIPELINES OUT
~N--0 608 Pipe 0
~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--3.3 676.05 Pipe 3.4 Pipe 3.3
~N--4 674.769 Pipe 4 Pipe 3.4
~N--4.1 674.769 Pipe 5 Pipe 4
~N--5 674.269 Pipe 5.1 Pipe 5
~N--5.1 665.8 Pipe 5.2 Pipe 5.1
~N--6 636.556 Pipe 6.1 Pipe 5.2
Pipe 6.2
v Pipe 7
~N--6.1 636.556 Pipe 6.1
~N--6.2 636.556 Pipe 6.2
~N--7 635.91 Pipe 7.1 Pipe 7
Pipe 7.2
~N--7.1 635.91 Pipe 7.11 Pipe 7.1
~N--7.11 635.91 Pipe 7.11
~N--7.2 635.91 Pipe 7.22 Pipe 7.2
~N--7.22 635.91 Pipe 7.22
PIPE-FLO ver 5,01 - Slurry Line Siphoning 30% Solids

HNF-2477, Rev. 0
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PIPELINE

Pipe 0
Pipe 1
Pipe 2
Pipe 2.1
Pipe 3
Pipe 3.1
Pipe 3.2
Pipe 3.3
Pipe 3.4
Pipe 4
Pipe 5
Pipe 5.1
Pipe 6.2
Pipe 6.1
Pipe 6.2
Pipe 7
Fipe 7.1
Pipe 7.11
Pipe 7.2
Pipe 7.22

PIPE-FLO ver 5.01

SPEC

03
03
03
03
03
03
03
03
03
03
03
04
04
04
04
04
04
04
04
04

SYSTEM PIPES

03/13/97 4:07 pm

FROM_NODE TO_NODE PUMP/COMP
~N--1 ~N--0
~N--2 ~N--1 Rev. Flow 1P
~N--2.1 ~N--2
~N--2.2 ~N--2.1 .
~N--3 ~N--2.2 Rev.Flow BP
~N--3.1 ~N--3
~N--3.2 ~N--3.1
~N--3.3 ~N--3.2
~N--4 ~N--3.3
~N--4.1 ~N--4 Micromotion30%
~N--5 ~N--4.1
~N--5.1 ~N--5
~N--6 ~N--5.1
~N--6.1 ~N--6
~N--6.2 ~N--8
~N--7 ~N--6
~N--7.1 ~N--7
~N--7.11 ~N--7.1
~N--7.2 ~N--7
~N--7.22 ~N--7.2
Slurry Line Siphoning 30% Solids HNF-2477, Rev. 0
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PUMP/COMP

Micromotion30%

Rev. Flow IP

Rev.Flow BP

PIPE-FLO ver 5.01

SYSTEM COMPONENTS

PERFORMANCE DATA

gpm:
ft:

eqn:

gpm:
ft:

eqn:

gpm:
ft:

eqn:

0 50 150
0 2.311 7.704
0.0100732 Q * 1.36669

0 40 80

0 0.86 3.45
0.000525277 Q * 2.00609

0 40 80

0 1.15 4.59
0.000711089 Q * 2.00264

Slurry Line Siphoning 30% Solids

03/13/97 4:07 pm

250 350
19.26 33.705
120 150
7.78 12.2
120 150
10.4 16.2

Page B-91
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Company: Fluor Daniel Northwest 03/13/97 4.07 pm

Project: W-320 Anti-Siphon Calculation System: SIPH30%1
by: D. L. Stone rev: 03/13/97 3:47 pm
PIPELIST REPORT
Created: 01/24/97 1:41 pm Pipes: 20
Design file: Nodes: 21
- Pipe Specs: 2 Pumps/Comps: 3

Slurry Line - Siphoning - 30% Solids  (70F) - configuration 1
SPECIFICATIONS

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE  DESIGN LIMITS
Sch / Roughness Temp / Pres Vel / Pres
03 30% Sch 40 Steel 30% solids Standard 6 - 10 ft/sec
rev: 03/13/97 3:34 pm  Sch 40 70 °F -14.4 - 300 psi g
0.0018 in Opsig

Size for: 6 ft/sec

04 30% Sch 80 Steel 30% solids Standard 6 - 10 ft/sec
rev: 03/13/97 3:35pm  Sch 80 « 70°F -14.4 - 300 psig
0.0018 in Opsig
Size for: 6 ft/sec
PIPE-FLO ver 5.01 ‘ Slurry Line Siphoning 30% Solids HNF-2477, Rev. 0
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PIPELINE

Pipe 0
Pipe 1
Pipe 2
Pipe 2.1
Pipe 3
Pipe 3.1
Pipe 3.2
Pipe 3.3
Fipe 3.4
Pipe 4
Pipe §
Pipe 5.1
Pipe 5.2
Pipe 6.1
Pipe 8.2
Pipe 7
Pipe 7.1
Pipe 7.11
Pipe 7.2

Pipe 7.22

PIPE-FLO ver 6.01

SPEC MATERIAL

03
03
03
03
03
03
03
03
03
03
03
04
04
04
04
04

04

04

04

04

PIPELIST

Size / Sch
Steel
5in/40

Steel
3in/40

Steel
4in/40

Steel
4in/40

Steel
3in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
3in/40

Steel
4in/40

Steel
4in/80

Steel
4in/80

Steel
2in/80

Steel
2in/80

Steel
4in/80

Steel
4in/80

Steel
2in/80

Steel
4in/80

Steel
2in/80

LENGTH
ft

0.442
2,323
34.861
1

4.767
427.608
468.1
843.2
1.424
3.155
3.841
7.667
29.354
05

05
0.65
0.51
0.17
0.51

0.17

03/13/97 4.07 pm

FLUID
Temp / Pres

30% solids
70°F/Opsig
30% solids
70°F/Opsig
30% solids
70°F/0Opsig
30% solids
70°F/0psig
30% solids
70°F/0Opsig
30% solids
70°F/0psig
30% solids
70°F/0psig
30% solids
70°F/0psig
30% solids
70°F/0Opsig
30% solids
70°F/0psig
30% solids
70°F/0Opsig
30% solids
70°F/0psig
30% solids
70 °F /O psig
30% solids
70°F/0psig
30% solids
70°F/0psig
30% solids
70°F /0O psig
30% solids
70°F/Opsig
30% solids
70°F/Qpsig
30% solids
70°F/0Opsig

30% solids
70°F/Opsig

Slurry Line Siphoning 30% Solids

VALVES
Total-K

1
1.112

3.303

0.5971
6.059
1.956
5.379
1.828
1.51

1.824

0.5

0.5

4.997
0.5
4.997

0.5

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/13/97 4:07 pm

Project: W-320 Anti-Siphon Calculation System: SIPH30%1
by: D. L. Stone rev: 03/13/97 3:47 pm
MATERIALS REPORT
Created: 01/24/97 1:41 pm Pipes: 20
Design file: Nodes: 21
Pipe Specs: 2 " Pumps/Comps: 3

Slurry Line - Siphoning - 30% Solids  (70F) - configuration 1
PIPE MATERIALS LIST

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS
Size / Sch ft
Pipe 0 03 Steel 0.442 1-Exit Projecting
5in/40 .
Pipe 1 03 Steel 2.323 3-Elbow Short - r/d 1 @ 90°
3in/40 1-Reducer Enlargement 4 X 3
Pipe 2 03 Steel 34.861 1-Elbow Short - r/d 1 @ 45°
4in/40 5-Elbow Short - r/d 1 @ 90°

2-Elbow Long - r/d 1.5 @ 90°
1-Mitre Bend @ 90° @ 90°

Pipe 2.1 03 Steel 1
4in/40
Pipe 3 03 Steel 4.767 1-Reducer Contraction 4 X 3
3in/40 1-Reducer Enlargement 4 X 3
2-Elbow Long - r/d 1.5 @ 90°
Pipe 3.1 03 Steel 427.608  2-Mitre Bend @ 90°
4in/40 3-Elbow Long - r/d 1.5 @ 90°
6-Pipe Bend r/d 10 @ 90°
2-Pipe Bend 1/d 8 @ 45°
Pipe 3.2 03 Steel 468.1 4-Pipe Bend r/d 10 @ 90°
4in/40
Pipe 3.3 03 Steel 843.2 11-Pipe Bend r/d 10 @ 90°
4in/40
Pipe 3.4 03 Steel 1.424 1-Mitre Bend @ 90°
4in/40 1-Elbow Long - r/d 1.5 @ 90°
1-Reducer Contraction 4 X 3
Pipe 4 03 Steel 3.155 1-Elbow Long - r/d 1.5 @ 90°
3in/40 1-Fixed K 1.267
Pipe 5 03 Steel 3.841 3-Elbow Long - r/d 1.5 @ 90°
4in/40 1-Mitre Bend @ 90°
1-Reducer Enlargement 4 X 3
Pipe 5.1 04 Steel 7.667
4in/80
PIPE-FLO ver 5.01 Slurry Line Siphoning 30% Solids HNF-2477, Rev. 0
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PIPE MATERIALS LiST 03/13/97 4:07 pm

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS
Size / Sch ft

Pipe 5.2 04 Steel 29.354
4in/80

Pipe 6.1 04 Steel 0.5 1-Entrance Sharp-Edged
2in/80

Pipe 6.2 04 Steel 0.5 1-Entrance Sharp-Edged
2in/80

Pipe 7 04 Steel 0.65
4in/80

Pipe 7.1 04 Steel . 0.51 1-Reducer Enlargement 4 X 2
4in/80

Pipe 7.11 04 Steel 0.17 1-Entrance Sharp-Edged
2in/80

Pipe 7.2 04 Steel 0.51 1-Reducer Enlargement 4 X 2
4in/80

Pipe 7.22 04 Steel 0.17 1-Entrance Sharp-Edged
2in/80

PIPE-FLO ver 5.01 Slurry Line Siphoning 30% Solids HNF-2477, Rey. o
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PIPE MATERIAL
Steel
Steel
SPECIFICATION MATERIAL
03 30% Sch 40 Steel
Size: 3in
Size: 4 in
Size: 5in
04 30% Sch 80 Steel
Size: 2in
Size: 4in

PIPE-FLO ver 5.01

PIPE SUMMARY

03/13/97 4:07 pm

SCHEDULE SIZE LENGTH
40 3in 10.245 ft
4in 1780.03 ft
5in 0.442 ft
80 2in 1.34 1t
4in 38.691 ft
VALVE & FITTING SUMMARY

SCHEDULE VALVES & FITTINGS

40

80

3-Elbow Short - r/d 1 @ 90°
2-Reducer Enlargement 4 X 3
1-Reducer Contraction 4 X 3
3-Elbow Long - r/d 1.5 @ 90°
1-Fixed K 1.267

1-Elbow Short - r/d 1 @ 45°
5-Elbow Short - r/id 1 @ 90°
9-Elbow Long - r/d 1.5 @ 90°
5-Mitre Bend @ 90° @ 90°
21-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 45°
1-Reducer Contraction 4 X 3
1-Reducer Enlargement 4 X 3

1-Exit Projecting

4-Entrance Sharp-Edged
2-Reducer Enlargement 4 X 2

Slurry Line Siphoning 30% Solids

HNF-2477, Rev. 0
Page B-96



Company: Fluor Daniel Northwest
Project:
by: D. L. Stone

PIPING MATERIAL: Steel
Schedule: 40
abs roughness: 0.0018 in

PIPE SIZE: 4 in
dia: 4.026 in

LENGTH: 3.841 ft

ELEVATION in: 674.269 ft
out: 674.768 ft

FFT: 0.0163

PIPE-FLO ver 5.01

TOTAL K: 1.824

03/17/97 7:27 am

System: SIPH30%1

rev: 03/13/97 3:47 pm
PIPELINE REPORT

Pipe 5 rev: 03/13/97 3:39 pm
SPECIFICATION: 30% Sch 40
SIZING Criteria: 6 ft/sec

LIMITS Velocity: 6 to 10 ft/sec
Pressure: -14.4t0 300 psi g
FLUID 30% solids at tmp: 70 °F
pres: 0 psig
den: 74.77 Ib/ft®
vsc: 103.9 cpois

PIPELINE RESISTANCE CURVE

Flow ffp Vel dP
gpm ft'sec  psi
81.03 .0872 2.044 0.354
0 .0000 O 0.260
33.04 2139 0.833 0.283
66.08 1069 1.667 0.328
99.12 .0713 25 0.392
132.2 0535 3.333 0477
165.2 .0428 4.167 0.583
198.2 0356 5 0.709
231.3 .0306 5.833 0.855
264.3 0484 6.667 1.11
297.4 .0465 7.5 1.327
330.4 .0450 8.333 1.567
363.4 .0436 9.167 1.831
396.5 .0424 10 2119
VALVES and FITTINGS
VALVE / FITTING K-VALUE VALVE / FITTING K-VALUE
Elbow Long-r/d 1.5 90° 3@0.2282 Mitre Bend @ 90° 0.978
Reducer Enlargement 4x3x4 0.1612

Avg Percent of Total Loss: 73 %

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 1:38 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAN30%1
by: D. L. Stone rev: 03/17/97 1.34 pm
i System: DRAN30%1 Deviation: 0.00418 %
rev: 03/17/97 1:34 pm after: 8 iterations

Slurry Line - Drain from High to Endpoint - 30% Solids (70F)

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 >>> 1227 ~N--0 0 0
Pipe 3.3 <<< 1227 ~N--3.3 0 0

Flows IN: 122.7 gpm
Flows OQUT: 122.7 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. 0
Page B-100
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e

LINEUP NODES 03/17/97 1:38 pm

NODE ELEVATION ~ DEMAND PRESSURE H GRADE
ft gpm psig ft

~N--0 608 0 (source) 608
~N--1 608.443 -0.196 608.1
~N--2 609.838 3.65 616.9
~N--2.1 639.107 -10.82 618.3
~N--2.2 639.107 -10.81 618.3
~N--3 639.461 -5.045 629.7
~N--3.1 650.42 -4.609 641.5
~N--3.2 661.63 -4.084 653.8
~N--3.3 676.05 0 (source) 676
PIPE-FLO ver 5.01 Slurry Line Drainflow - Highpoint to Endpoint - Solids 3( HNF-2477, Rev. 0
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LINEUP PIPELINES 03/17/97 1:38 pm

PIPELINE FROM TO FLOW VEL dpP HL
gpm ft/sec psig ft
“e 0 ~N--1 ~N--0 122.7 *1.080  (0.196) 0.065

Pipe 1 ~N-2 ~N--1 122.7 *5320  3.846 8.807
----- Rev. Flow [P ~---- dP: 4.225 HL: 8.142

Pipe 2 ~N--2.1 ~N--2 1227 *3005  (14.47) 1.379

Pipe 2.1 ~N--2.2 ~N--2.1 1227 *3005 0013 0.025

Pipe 3 ~N--3 ~N-2.2 122.7 *5320 5765 11.46
- Rev.Flow BP —- dP: 5.626 HL: 10.84

Dipe 3.1 ~N--3.1 ~N--3 122.7 *3005  0.436 1.8

Pipe 3.2 ~N--3.2 ~N--3.1 122.7 *3.005 0525 12.22

Pipe 3.3 ~N--3.3 ~N--3.2 122.7 *3.005  4.084 22.29

HNF-2477, Rev. 0
Page B-102
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Company: Fluor Daniel Northwest 03/17/97 1:45 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAN30%2
by: D. L. Stone : rev: 03/17/97 1:44 pm
System: DRAN30%2 Deviation: 0.00184 %
rev: 03/17/97 1:43 pm after: 7 iterations

Slurry Line - Drain from Stationpoint to Endpoint - 30% Solids (70F)

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 >>> 141.5 ~N--0 0 0

Pipe 3.1 <<< 1415 ~N--3.1 0 0

Flows IN: 141.5 gpm
Flows OUT: 141.5 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. ¢
Page B-104
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LINEUP NODES 03/17/97 1:45 pm

NODE ELEVATION DEMAND PRESSURE H GRADE
ft gpm psig ft

~N--0 608 0 (source) 608
~N--1 608.443 -0.186 608.1
~N--2 609.838 5.155 619.8
~N--2.1 639.107 -9.164 621.4
~N--2.2 639.107 -9.149 621.5
~N--3 639.461 -1.455 636.7
~N--3.1 650.42 0 (source) 650.4

HNF-2477, Rev. 0
Page B-105
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LINEUP PIPELINES

PIPELINE FROM TO FLOW
gpm

560 ~N--1 ~N--0 141.5

Pipe 1 ~N--2 ~N--1 141.5
«-- Rev. Flow IP - dP: 5.621 HL: 10.83

Pipe 2 ~N--2.1 ~N--2 1415

Pipe 2.1 ~N-2.2 ~N--2.1 1415

Pipe 3 ~N--3 ~N-2.2 1415
wem- ReV.Flow BP - dP: 7.481 HL: 14.42

Pipe 3.1 ~N--3.1 ~N--3 141.5

PIPE-FLO ver 5.01

Slurry Line Drainflow - Lowpoint to Endpoint -

03/17/97 1:45 pm

HL

0.085
11.69

1.677
0.029
15.18

13.76

HNF-2477, Rev. 0
Page B-106

VEL dP
ft/sec psig
*2.27 (0.186)
6.144 5.34
*3.568 (14.32)
*3.568 0.015
6.144 7.694
*3.568 1.455
Solids 30%

pg3



Appendix |

HNF-2477, Rev. 0
DPace B 1N7



3 :9pesb g [oAd] 10'G J8A OT4-IdId  :UOISISA
8isd :aunssaid
wdf  :ayed moy %0 spIlog - Buoydis sut djewiadng  isuUsWIUIOD
L%O0HdIS :dnaury A\\Q suo)s 1°a :Aq
1%0HdIS siBur] mourel pue uoydis-iuy 0ze-m  303foid
wd g0'¢  26/21/£0 JSOMULION jalueq Jonyd  :Auedutod
026N~
'L 6 adid
$31'8 1 TL-N~
1eL i godid
22’8 L1-N~
WS 2 ody
680°0 © %0 JoNUON
§59'2 04-N~
WsL: 9 edid
L0V 2 6~N~
WsL: g edid
98€°4 8N~
L9LUN- g g edia
WsLth mn_,HA|...I|, £59°2 % 0N~ W'sL: ¢y odid
052°0 : | MOId 504 _ L]
b L9t LN~
veN g ®o
8280~ 1 LN~
WgL i 1°Z edid WL oy adid
® Li5e TN~ TN
WSL: Ty odid
WL gz adid
$80°2 1 5N~
st ez edig WsL: Ly edid

oe: ez-n~ O] xJ 8966 1 £-N>
A 014 S
281} g mol4 Sod i
$6'bL- 1 pN~

-2477, Rev.
age B-108

HNF.
P



Company: Fluor Daniel Northwest 03/17/97 3:06 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: SIPH0%1
by: D. L. Stone rev: 03/17/97 3:06 pm
System: SIPH0%1 Deviation: 0.00207 %
rev: 03/17/97 2:34 pm after: 6 iterations

Supernate Line - 0% solids - Siphon Function

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 <<< 7541 ~N--0 0 18.16
Pipe 9 >>> 75.41 ~N-13 0 0

Flows IN: 75.41 gpm
Flows OUT: 75.41 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. 0
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~N-11
~N-12
~N-13

PIPE-FLO ver 5.01

LINEUP NODES

ELEVATION DEMAND
ft gpm
635.5

635.943

637.338

661.7

672.315

672.669

677.11

661.63

650.39

641.42

623.217

622.517

621.85

620.225

619.621

619.35

03/17/97 3:06 pm

PRESSURE
pstg

7.853 (source)
7.657

6.71

-3.917
-8.614
-9.968
-11.95
-7.085
-3.245
-0.328
7.386
7.407
7.655

8.242

8.154

0 (source)

Supernate Line Siphoning - Solids 0%

653.7
653.6
652.9
652.6
652.4
649.6
649.5
645.2
642.9
640.7
640.3
639.6
639.6
639.3
638.5
619.3

H GRADE
ft

HNF-2477, Rev. ¢
Page B-109a



LINEUP PIPELINES 03/17/97 3:06 pm

PIPELINE FROM TO FLOW VEL dP HL
gpm ft/sec psig ft

e 0 ~N--0 ~N--1 75.41 *1.21 0.197 0.012

Pipe 1 ~N--1 ~N--2.1 75.41 *3.275 0.947 0.794
---e= Pos Flow 1 ---—-dP: 0.240 HL: 0.554

Pipe 2.1 ~N--2.1 ~N--2.2 75.41 *1.902 10.63 0.212

Pipe 2.2 ~N--2.2 ~N--2.3 75.41 *1.902 4.697 0.245

Pipe 2.3 ~N--2.3 ~N--3 75.41 *3.275 1.354 2.776
----- Pos Flow 2 - dP: 1.187 HL: 2.745

Pipe 3 ~N--3 ~N--4 75.41 *1.902 1.983 0.144

Pipe 4.1 ~N--4 ~N--5 75.41 *1.902 (4.865) 4.23

Pipe 4.2 ~N--5 ~N--6 75.41 *1.902 (3.84) 2.36

Pipe 4.3 ~N--6 ~N--7 75.41 *1.902 (2.917) 2.225

Pipe 4.4 ~N--7 ~N--8 75.41 *1.902 (7.714) 0.365

Pipe 5 ~N--8 ~N--9 75.41 *5.057 (0.021) 0.652

Pipe 6 ~N--8 ~N-10 75.41 7.216 (0.249) 0.092

Pipe 7 ~N-10 ~N-11 : 75.41 *5.057 (0.587) 0.268
----- Menitor 0% ----- dP: 0.089 HL: 0.207

Pipe 8 ~N-11 ~N-12 75.41 *5.057 0.089 0.809

Pipe 9 ~N-12 ~N-13 75.41 *33.66 8.154 19.13

HNF-2477, Rev.
PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 0% Page B-110 o9



Company: Fluor Daniel Northwest 03/17/97 3:06 pm

Project: W-320 Anti-Siphon and Drainflow System: SIPH0%1
by: D. L. Stone rev: 03/17/97 2:34 pm
SYSTEM REPORT
Created: 01/24/97 1:41 pm Pipes: 15
... Design file: Nodes: 16
-+ Pipe Specs: 2 Pumps/Comps: 3

Supernate Line - 0% Solids - Siphon Function (70F)
SYSTEM NODES

NODE ELEVATION PIPELINES IN PIPELINES OUT
~N--0 635.5 Pipe 0
~N--1 635.943 Pipe 0 Pipe 1
~N--2.1 637.338 Pipe 1 Pipe 2.1
~N--2.2 661.7 Pipe 2.1 Pipe 2.2
~N--2.3 672.315 Pipe 2.2 Pipe 2.3
~N--3 672.669 Pipe 2.3 Pipe 3
~N--4 677.11 Pipe 3 Pipe 4.1
~N--5 661.63 Pipe 4.1 Pipe 4.2
~N--6 650.39 Pipe 4.2 Pipe 4.3
641.42 Pipe 4.3 Pipe 4.4
623.217 Pipe 4.4 . Pipe 5
~N--9 622.517 Pipe 5 Pipe 6
~N-10 621.85 Pipe 6 Pipe 7
~N-11 620.225 Pipe 7 Pipe 8
~N-12 619.621 . Pipe 8 Pipe 9
~N-13 619.35 Pipe 9
PIPE-FLO ver 5.01 Supernate Line Siphoning - Sofids 0% HNF-2477, Rev. 0
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SYSTEM PIPES 03/17/97 3:.06 pm

PIPELINE SPEC FROM_NODE TO_NODE PUMP/COMP
Pipe 0 03 ~N--0 ~N--1

Pipe 1 03 ~N--1 ~N--2.1 Pos Flow 1
Pipe 2.1 03 ~N--2.1 ~N--2.2

Pipe 2.2 03 ~N--2.2 ~N--2.3

Pipe 2.3 03 ~N--2.3 ~N--3 Pos Flow 2
Pipe 3 03 ~N--3 ~N--4

Pipe 4.1 03 ~N--4 ~N--5

Pipe 4.2 03 ~N--5 ~N--6

Pipe 4.3 03 ~N--6 ~N--7

Pipe 4.4 03 ~N--7 ~N--8

Pipe 5 03 ~N--8 ~N--8

Pipe 6 03 ~N--9 ~N-10

Pipe 7 03 ~N-10 ~N-11 Monitor 0%
Pipe 8 03 ~N-11 ~N-12

Pipe 9 04 ~N-12 ~N-13

HNF-2477, Rev. 0
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PUMP/COMP
Monitor 0%

Pos Flow 1

Pos Flow 2

PIPE-FLO ver 5.01

gpm:
ft:

eqn:

gpm:
ft:

eqn:

gpm:
ft:

eqn:

SYSTEM COMPONENTS 03/17/97 3:06 pm
PERFORMANCE DATA

0 50 150 250
0 0.098 0.717 1.87
7.20527¢-005 Q * 1.84168

0 40 80 120
0 0.156 0.624 1.4
9.72278e-005 Q » 2.00063

0 40 80 120
0 0.77 3.08 7
0.000468926 Q * 2.00674

Supernate Line Siphoning - Solids 0%

350
3.55

150

160
10.9

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3:07 pm

Project: W-320 Anti-Siphon and Drainflow System: SIPH0%1
by: D. L. Stone rev: 03/17/97 2:34 pm
PIPELIST REPORT
Created: 01/24/97 1:41 pm Pipes: 15
~ ~ Design file: Nodes: 16
/ Pipe Specs: 2 Pumps/Comps: 3

Supernate Line - 0% Solids - Siphon Function (70F)
SPECIFICATIONS

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE  DESIGN LIMITS
Sch / Roughness Temp / Pres Vel / Pres
C3 0%-70F-sch40 Steel 0% solids Standard 6 - 10 ft/sec
rev: 01/31/97 12:63 pm  Sch 40 70 °F -14.4-300 psi g
0.0018 in Opsig

Size for: 6 fi/sec

04 0%-70F-sch80 Steel 0% solids Standard 6 - 10 ft/sec
rev: 01/31/97 12:53 pm  Sch 80 70 °F -14.4 - 300 psi g
0.0018 in Opsig

Size for: 6 ft/sec

HNF-2477, Rev. 0

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 0%
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PIPELINE

™ Pipe 0

Pipe 1
Pipe 2.1
Pipe 2.2
Pipe 2.3
Pipe 3
Pipe 4.1
Pipe 4.2
Pipe 4.3
Pipe 4.4
Pipe 5
Pipe 6
Pipe 7
Pipe 8

Pipe 9

PIPE-FLO ver 5.01

SPEC MATERIAL

03

03

03

03

03

03

03

03

03

03

03

03

03

03

04

PIPELIST

Size / Sch
Steel
5in/40

Steel
3in/40

Steel
4in/40

Steel
4in/40

Steel
3in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
2.5in/40

Steel
2in/40

Steel
2.5in/40

Steel
2.5in/40

Steel
1in/80

LENGTH
ft

0.442
2.323
26.049
18.673
0.667
6.787
822.8
468.1
428.7
26.268
1.231
0.667
1.203
0.604

0.271

03/17/97 3:07 pm

FLUID
Temp / Pres

0% solids
70°F/0psig
0% solids
70°F/0Opsig
0% solids
70°F/Qpsig
0% solids
70°F/0psig
0% solids
70°F/0Opsig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0psig
0% solids
70°F/0Opsig

0% solids
70°F/0psig

Supernate Line Siphoning - Solids 0%

VALVES
Total-K

0.5

1.194

1.542

2,771

0.112

1.989

4.89

1.956

2.929

4.247

1.485

0.01334

0

1.861

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3.07 pm

Project: W-320 Anti-Siphon and Drainflow Systéem: SIPH0%1
by: D. L. Stone - rev: 03/17/97 2:34 pm
MATERIALS REPORT
Created: 01/24/97 1:41 pm Pipes: 15
Design file: Nodes: 16
Pipe Specs: 2 Pumps/Comps: 3

Supernate Line - 0% Solids - Siphon Function (70F)
PIPE MATERIALS LIST

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS
Size / Sch ft

Pipe 0 03 Steel 0.442 1-Entrance Sharp-Edged
5in/40

Pipe 1 03 Steel 2,323 3-Elbow Short - r/d 1 @ 90°
3in/40 1-Reducer Enlargement 4 X 3

1-Reducer Contraction 5§ X 3

Pipe 2.1 03 Steel 26.049 1-Elbow Short - r/d 1 @ 45°
4in/40 4-Elbow Short - r/d 1 @ 90°

Pipe 2.2 03 Steel 18.673 4-Elbow Long -r/d 1.5 @ 90°
4in /40 1-Elbow Short - r/d 1 @ 90°

1-Mitre Bend @ 90°
1-Fixed K 0.5546

Pipe 2.3 03 Steel 0.667 1-Reducer Contraction 4 X 3
3in/40 1-Reducer Enlargement 4 X 3
Pipe 3 03 Steel 6.787 1-Mitre Bend @ 90°
4in/40 3-Elbow Long - r/d 1.5 @ 90°

1-Tee Flow Thru Run

Pipe 4.1 03 Steel 822.8 10-Pipe Bend r/d 10 @ 90°
4in/40

Pipe 4.2 03 Steel 468.1 4-Pipe Bend r/d 10 @ 90°
4in/40

Pipe 4.3 03 Steel 428.7 5-Pipe Bend r/d 10 @ 90°
4in/40 2-Pipe Bend r/d 8 @ 45°

Pipe 4.4 03 Steel 26.268 5-Elbow Long - 1/d 1.5 @ 90°
4in/40 2-Elbow Short - r/d 1 @ 45°

2-Mitre Bend @ 90°
1-Reducer Contraction 4 X 2.5

Pipe 5 03 Steel 1.231 1-Elbow Short - r/d 1 @ 90°
2.5in/40 1-Mitre Bend @ 90°
1-Reducer Contraction 2.5 X 2

HNF-2477, Rev. 0
PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 0% Page B-116



PIPE MATERIALS LIST 03/17/97 3:07 pm

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS

Size / Sch ft
~_ Pipe6 » 03 Steel 0.667 1-Reducer Enlargement 2.5 X 2
2in/40

Pipe 7 03 Steel 1.203
2.5in/40

Pipe 8 03 Steel 0.604 1-Reducer Contraction 2.5 X 1
2.5in/40

Pipe 9 04 Steel 0.271 1-Exit Projecting
1in/80

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 0% 12215}32.417177’ Rev. 0



PIPE SUMMARY 03/17/97 3:07 pm

PIPE MATERIAL SCHEDULE SIZE LENGTH
Steel 40 2in 0.667 ft
25in 3.038 ft
3in 2.99 ft
4in 1797.38 ft
5in 0.442 ft
Steel 80 1in 0.271 ft
VALVE & FITTING SUMMARY
SPECIFICATION MATERIAL SCHEDULE VALVES & FITTINGS
03 0%-70F-sch40 Steel 40
Size: 2in 1-Reducer Enlargement 2.5 X 2
Size: 2.5in 1-Elbow Short - r/d 1 @ 90°

1-Mitre Bend @ 90°
1-Reducer Contraction 2.5 X 2
1-Reducer Contraction 2.5 X 1

Size: 3in 3-Elbow Short - r/d 1 @ 90°
2-Reducer Enlargement 4 X 3
1-Reducer Contraction 5 X 3
1-Reducer Contraction 4 X 3

Size: 4in 3-Elbow Short - r/d 1 @ 45°
5-Elbow Short - r/d 1 @ 90°
12-Elbow Long - r/d 1.5 @ 90°
4-Mitre Bend @ 90°
1-Fixed K 0.5546
1-Tee Flow Thru Run
19-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 45°
1-Reducer Contraction 4 X 2.5

Size: 5in 1-Entrance Sharp-Edged
04 0%-70F-sch80 Steel 80
Size: 1in 1-Exit Projecting
PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 0% HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest
Project: W-320 Anti-Siphon and Drainflow System: SIPH0%1
by: D. L. Stone

" PIPING MATERIAL: Steel
Schedule: 40
abs roughness: 0.0018 in

PIPE SIZE: 4 in

dia: 4.026 in

LENGTH: 18.673 ft

ELEVATION in: 661.7 ft

out: 672.315 ft

Flow ffp
gpm

75.41 .0287
0 .0000
33.04 .0356
66.08 .0297
98.12 .0270
132.2 .0254
165.2 0243
198.2 .0234
231.3 .0228
264.3 .0223
297.4 .0218
330.4 .0215
363.4 0211
396.5 .0209
VALVE / FITTING

Elbow Long -r/d 1.5
Mitre Bend @ 90°

FFT: 0.0163

PIPE-FLO ver 5.01

Vel
ft/sec

1.902
0
0.833
1.667
25
3.333
4.167
5
5.833
6.667
7.5
8.333
9.167
10

90°

dP
psi
4.688
4,592
4.614
4.674
4.771
4.904
5.072
5.275
5.514
5.788
6.096
6.44
6.818
7.231

03/17/97 3:22 pm
rev: 03/17/97 2:34 pm
PIPELINE REPORT
Pipe 2.2 rev: 03/17/97 2:23 pm
SPECIFICATION: 0%-70F-sch40
SIZING Criteria: 6 ft/sec

LIMITS Velocity: 6 to 10 ft/sec
Pressure: -14.4 to 300 psi g

FLUID 0% solids at tmp: 70 °F
pres: 0 psi g
den: 62.31 Ib/ft*
vsc: 3.96 cpois

PIPELINE RESISTANCE CURVE

VALVES and FITTINGS
K-VALUE VALVE / FITTING K-VALUE

4@0.2282 Elbow Short-r/d 1 90° 0.326

0.978 Fixed K 0.5546

TOTAL K: 2.771 Avg Percent of Total Loss: 67 %

HNF-2477, Rev. 0
Page B-119
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Company: Fluor Daniel Northwest 03/17/97 3.15 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAIN0%1
by: D. L. Stone rev: 03/17/97 3:14 pm
"% System: DRAINO%1 Deviation: 0.000792 %
rev: 03/17/97 3:13 pm after: 4 iterations

Supernate Line - 0% solids - Time required to drain - Configuration 1: Source at Highpoint

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
apm SOURCE psig ft

Pipe 4.1 <<< 1056 . ~N--4 0 0

Pipe 9 >>> 105.6 ~N-13 0 0

Flows IN: 105.6 gpm
Flows OUT: 105.6 gpm

NET FLOWS: 0 gpm

PIPE-FLO ver 5.01 Supernate Line Drainflow - Highpoint to Endpoint - 0% Solids HNF-2477, Rev. 0
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NODE

~N--4
~N--5
~N--6
~N--7
~N--8
~N--9
~N-10
~N-11
~N-12
~N-13

PIPE-FLO ver 5.01

LINEUP NODES

fEtLEVATION

677.11
661.63
650.39
641.42
623.217
622.517
621.85
620.225
619.621
619.35

DEMAND

gpm

03/17/97 3:15 pm

PRESSURE
psig

0 (source)
3.354
6.353
8.473
16.04
15.8

16.01

16.5
16.08

0 (source)

677.1
669.4
665.1
661

660.3
659

658.9
658.4
656.8
619.3

Supernate Line Drainflow - Highpoint to Endpoint - 0% Sol

H GRADE
ft

HNF-2477, Rev. 0
Pace B-123




LINEUP PIPELINES

PIPELINE FROM TO FLOW
gpm
e 4.1 ~N--4 ~N--5 105.6
Dipe 4.2 ~N--5 ~N--6 105.6
Dipe 4.3 ~N--6 ~N--7 105.6
Dipe 4.4 ~N--7 ~N--8 105.6
Dipe 5 ~N--8 ~N--9 105.6
ipe 6 ~N--9 ~N-10 105.6
Sipe 7 ~N-10 ~N-11 105.6
----- Monitor 0% -——--- dP: 0.166 HL: 0.384
Pipe 8 ~N-11 ~N-12 105.6
Pipe 9 ~N-12 ~N-13 105.6

PIPE-FLO ver 5.01

VEL
ft/sec
*2.664
*2.664
*2.664
* 2.664
7.084
*10.11
7.084

7.084
*47.15

03/17/97 3:15 pm

dP
psig
(3.354)
(2.999)
(2.12)
(7.571)
0.247
(0.214)
(0.488)

0.423
16.08

Supernate Line Drainflow - Highpoint to Endpoint - 0% Solids

HL

7.725
4.304
4.067
0.697
1.272
0.172
0.498

1.583
37.44

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3:21 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRANQ%2
by: D. L. Stone rev: 03/17/97 3:20 pm
" System: DRAINO%2 Deviation: 0.00235 %
rev: 03/17/97 3:18 pm after: 4 iterations

Supernate Line Drainflow - 0% solids - Source at Stationpoint

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

LINEUP SUMMARIES
PIPELINE FLOW PRESSURE SET LEVEL
gpm SOURCE psig ft
Pipe 4.3 <<< 86.78 ~N--6 0 0
Pipe 8 >>> 86.78 ~N-13 0 0

Flows IN: 86.78 gpm
Flows OUT: 86.78 gpm

NET FLOWS: 0 gpm

PIPE-FLO ver 5.01 Supernate Line Drainflow - Lowpoint to Endpoint - 0% Solids ggg'é“gé Rev. 0



LINEUP NODES 03/17/97 3:21 pm

NODE ELEVATION DEMAND PRESSURE H GRADE
ft apm psig ft
~N--6 . 650.39 0 (source) 650.4
~N--7 641.42 2.643 647.5
~N--8 623.217 10.31 : 647.1
~N--9 622.517 10.24 646.2
~N-10 621.85 10.48 646.1
~N-11 - 620.225 11.03 645.7
~N-12 619.621 10.83 644.7
~N-13 619.35 0 (source) 619.3

HNF-2477, Rev. 0
Page B-127
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=|PELINE FROM
Ne 43 ~N--6
2ipe 4.4 ~N--7
~ipe 5 ~N--8
ipe 6 ~N--9
Sipe 7 ~N-10
----- Monitor 0% ----- dP:
Sipe 8 ~N-11
Sipe 9 ~N-12

PIPE-FLO ver 5.01

LINEUP PIPELINES

TO

~N--7
~N--8
~N--9
~N-10

~N-11
0.116 HL: 0.268

~N-12
~N-13

FLOW
gpm
86.78
86.78
86.78
86.78
86.78

86.78
86.78

03/17/97 3:21 pm

VEL
ft/sec
*2.189
*2.189
*5.82
8.304
*5.82

*5.82
*38.74

dpP
psig
(2.643)
(7.666)
0.070
(0.237)
(0.553)

0.202
10.83

Supernate Line Drainflow - Lowpoint to Endpoint - 0% Solids

HL

2.859
0.478
0.861
0.119
0.347

1.07
25.31

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3.03 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: SIPH10%
by: D. L. Stone rev: 03/17/97 2:53 pm
" system: SIPH10%1 Deviation: 0.007 %
rev: 03/17/97 2:52 pm after: 6 iterations

Supernate Line - 10% solids - Siphon Function

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 <<< 71.98 ~N--0 0 18.16
Pipe 9 >>> 71.98 ~N-13 0 0

Flows IN: 71.98 gpm
Flows OUT: 71.98 gpm

NET FLOWS: 0 gpm

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 10% ;’a"g":‘éj‘gi Rev. 0



NODE

T ~N--0
~N--1
~N--2.1
~N--2.2
~N--2.3
~N--3
~N--4
~N--5
~N--6
~N--7
~N--8
~N--9
~N-10
~N-11
~N-12
~N-13

PIPE-FLO ver 5.01

LINEUP NODES

ELEVATION DEMAND
ft gpm
635.5

635.943

637.338

661.7

672.315

672.669

677.11

661.63

650.39

641.42

623.217

622.517

621.85

620.225

619.621

619.35

'03/17/97 3:03 pm

PRESSURE
psi g

8.795 (source)
8.575
7.543
-4.368
-9.629
-11.03
-13.25
-8.214
-4.153
-1.109
7.527

7.57

7.843

8.477

8.409

0 (source)

Supernate Line Siphoning - Solids 10%

653.7
653.6
652.9
652.7
652.4
649.9
649.8
644.7
641.8
639.1
638.8
638.1
638

637.7
637

819.3

H GRADE
ft

HNF-2477, Rev. 0
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LINEUP PIPELINES 03/17/97 3:03 pm

PIPELINE FROM TO FLOW VEL dP HL
gpm ft/sec psig ft
0 ~N--0 ~N--1 71.98 *1155  0.220 0.011
Pipe 1 ~N--1 ~N--2.1 71.98 *3.126  1.032 0.736
----- Pos Flow 1 -----dP: 0.245 HL: 0.505
Pipe 2.1 ~N--2.1 ~N--2.2 71.98 *1816  11.91 0.232
Pipe 2.2 ~N--2.2 ~N--2.3 71.98 *1.816  5.261 0.249
Pipe 2.3 ~N--2.3 ~N--3 71.98 *3126  1.398 2.532
----- Pos Flow 2 —--dP: 1.211 HL: 2.501 )
Pipe 3 ~N--3 ~N--4 71.98 *1816  2.219 0.142
Pipe 4.1 ~N--4 ~N--5 71.98 *1.816  (5.032) 5.09
Pipe 4.2 ~N--5 ~N--6 71.98 *1816  (4.062) 2.853
Pipe 4.3 ~N--6 ~N-7 71.98 *1.816  (3.043) 2.687
Pipe 4.4 ~N--7 ~N--8 71.98 *1.816  (8.636) 0.372
Pipe 5 ~N--8 ~N--9 71.98 *4827  (0.043) 0.611
Pipe 6 ~N--9 ~N-10 71.98 6.888  (0.273) 0.103
Pipe 7 ~N-10 ~N-11 71.98 *4827  (0.634) 0.316
----- Monitor 10% ----- dP: 0.118 HL: 0.244
Pipe 8 ~N-11 ~N-12 71.98 *4827  0.068 0.745
Pipe 9 ~N-12 ~N-13 71.98 *32.13  8.409 17.63
PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 10% HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3:04 pm

Project: W-320 Anti-Siphon and Drainflow - System: SIPH10%1
by: D. L. Stone rev: 03/17/97 2:52 pm
SYSTEM REPORT
Created: 01/24/97 1:41 pm Pipes: 15
. Design file: Nodes: 16
Pipe Specs: 2 Pumps/Comps: 3

Supernate Line - 10% Solids - Siphon Function (70F)
SYSTEM NODES

NODE ELEVATION PIPELINES IN PIPELINES OUT
~N--0 635.5 Pipe 0

~N--1 635.943 Pipe 0 Pipe 1

~N--2.1 637.338 Pipe 1 - Pipe 2.1

~N--2.2 661.7 Pipe 2.1 Pipe 2.2

~N--2.3 672.315 Pipe 2.2 Pipe 2.3

~N--3 672.669 Pipe 2.3 Pipe 3

~N--4 677.11 Pipe 3 Pipe 4.1

~N--5 661.63 Pipe 4.1 Pipe 4.2

~N--6 650.39 Pipe 4.2 Pipe 4.3

~N--7 : 641.42 Pipe 4.3 Pipe 4.4

~N--8 623.217 Pipe 4.4 Pipe 5

~N--9 622.517 Pipe 5 Pipe 6

~N-10 621.85 Pipe 6 Pipe 7

~N-11 620.225 Pipe 7 Pipe 8

~N-12 619.621 Pipe 8 Pipe 9

~N-13 619.35 Pipe 9

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 10% HNE-2477, Rev. 0
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SYSTEM PIPES 03/17/97 3:04 pm

PIPELINE SPEC FROM_NODE TO_NODE PUMP/COMP
Pipe 0 05 ~N--0 ) ~N--1
-, Pipe1 05 ~N--1 ~N--2.1 Pos Flow 1
" Pipe 2.1 05 ~N--2.1 ~N--2.2
Pipe 2.2 05 ~N--2.2 ~N--2.3
Pipe 2.3 05 ~N--2.3 ~N--3 Pos Flow 2
Pipe 3 05 ~N--3 ~N--4
Pipe 4.1 05 ~N--4 ~N--5
Pipe 4.2 05 ~N--5 ~N--6
Pipe 4.3 05 ~N--6 ~N--7
Pipe 4.4 05 ~N--7 ~N--8
Pipe 5 05 ~N--8 ~N--9
Pipe 6 05 ~N--9 ~N-10
Pipe 7 05 ~N-10 ~N-11 Monitor 10%
Pipe 8 05 ~N-11 ~N-12
Pipe 9 02 ~N-12 ~N-13

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 10% HNF-2477, Rev. 0
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PUMP/COMP

~onitor 10%

Pos Flow 1

Pos Flow 2

PIPE-FLO ver 5.01

gpm:
ft:

eqn:

gpm:
ft:

eqn:

gpm:
ft:

eqn:

SYSTEM COMPONENTS 03/17/97 3:04 pm
PERFORMANCE DATA

0 50 150 250
0 0.13 0.87 2.18
0.000130185 Q * 1.7625

0 40 80 120
0 0.156 0.624 14
9.72278e-005 Q * 2.00063

0 40 80 120
0 0.77 3.08 7

0.000468926 Q * 2.00674

Supernate Line Siphoning - Solids 10%

350
4.04

150

150
10.9

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest

Project: W-320 Anti-Siphon and Drainflow
by: D. L. Stone

PIPELIST REPORT

Created: 01/24/97 1:41 pm

Design file:
Pipe Specs: 2

SPECIFICATION

05 10%-sch40

rev: 02/25/97 7.03 am

02 10%-sch80

rev: 02/25/97 7:03 am

PIPE-FLO ver 5.01

03/17/97 3:04 pm
System: SIPH10%1
rev: 03/17/97 2:52 pm

Supernate Line - 10% Solids - Siphon Function (70F)
SPECIFICATIONS

PIPE MATERIAL
Sch / Roughness

Steel
Sch 40
0.0018 in

Size for: 6 ft/sec

Steel
Sch 80
0.0018in

Size for: 6 ft/sec

FLUID
Temp / Pres

10% solids
70 °F
Opsig

10% solids
70 °F

Opsig

VALVE TABLE

Standard

Standard

Supernate Line Siphoning - Solids 10%

Pipes: 15
Nodes: 16
Pumps/Comps: 3

DESIGN LIMITS
Vel / Pres

6 - 10 ft/sec
-14.4-300 psig

6 - 10 ft/sec
-14.4-300 psig

HNF-2477, Rev. 0
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PIPELINE

Pipe 0
Pipe 1
Pipe 2.1
Pipe 2.2
Pipe 2.3
Pipe 3
Pipe 4.1
Pipé 42
Pipe 4.3
Pipe 4.4
Pipe 5
Pipe 6
Pipe 7
Pipe 8

Pipe 9

PIPE-FLO ver 5.01

PIPELIST

SPEC MATERIAL LENGTH
Size / Sch ft

05 Steel 0.442
5in/40

05 Steel 2.323
3in/40

05 Steel 26.049
4in/40

05 Steel 18.673
4in/40

05 Steel 0.667
3in/40

05 Steel 6.787
4in/40

05 Steel 822.8
4in/40

05 Steel 468.1
4in/40

05 Steel 428.7
4in/40

05 Steel 26.268
4in/40

05 Steel 1.231
2.5in/40

05 Steel 0.667
2in/40

05 Steel 1.203
2.5in/40

05 Steel 0.604
2.5in/40

02 Steel 0.271
1in/80

03/17/97 3:04 pm

FLUID
Temp / Pres

10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0Opsig
10% solids
70°F/Q0psig
10% solids
70°F/0psig
10% solids
70°F/0Opsig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0psig
10% solids
70°F/0Opsig
10% solids
70°F/0Opsig

10% solids
70°F/Opsig

Supernate Line Siphoning - Solids 10%

VALVES
Total-K

0.5

1.194

1.542

2.712

0.112

1.989

4.89

1.956

3.227

4.247

1.485

0.01334

0

1.961

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest
Project: W-320 Anti-Siphon and Drainflow
by: D. L. Stone

Created: 01/24/97 1:41 pm

Design file:
Pipe Specs: 2

PIPELINE

Pipe 0

Pipe 1

Pipe 2.1

Pipe 2.2

Pipe 2.3

Pipe 3

Pipe 4.1

Pipe 4.2

Pipe 4.3

Pipe 4.4

Pipe 5

PIPE-FLO ver 5.01

05

05

05

05

05

05

05

05

05

05

05

03/17/97 3:04 pm
System: SIPH10%1
rev: 03/17/87 2:52 pm

MATERIALS REPORT

Pipes: 15
Nodes: 16
Pumps/Comps: 3

Supernate Line - 10% Solids - Siphon Function (70F)

PIPE MATERIALS LIST
SPEC MATERIAL LENGTH

Size / Sch

Steel
5in/40

Steel
3in/40

Steel
4in/40

Steel
4in /40

Steel
3in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
4in/40

Steel
2.5in/40

ft
0.442

2.323

26.049

18.673

0.667

6.787

822.8

468.1

428.7

26.268

1.231

Supernate Line Siphoning - Solids 10%

VALVES & FITTINGS
1-Entrance Sharp-Edged

3-Elbow Short - r/d 1 @ 90°
1-Reducer Enlargement 4 X 3
1-Reducer Contraction 5 X 3

1-Elbow Short - r/d 1 @ 45°
4-Elbow Short - r/d 1 @ 90°

4-Elbow Long - r/d 1.5 @ 90°
1-Elbow Short - r/d 1 @ 90°
1-Mitre Bend @ 90°

1-Fixed K 0.4952

1-Reducer Contraction 4 X 3
1-Reducer Enlargement 4 X 3

1-Mitre Bend @ 90° .
3-Elbow Long - 1/d 1.5 @ 90°
1-Tee Flow Thru Run

10-Pipe Bend r/d 10 @ 90°
4-Pipe Bend r/d 10 @ 90°

5-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 90°

5-Elbow Long - r/d 1.5 @ 90°
2-Elbow Short - r/d 1 @ 45°
2-Mitre Bend @ 90°
1-Reducer Contraction 4 X 2.5

1-Elbow Short - r/d 1 @ 90°
1-Mitre Bend @ 90°
1-Reducer Contraction 2.5 X 2

HNF-2477, Rev. 0
Page B-139



PIPE MATERIALS LIST 03/17/97 3:04 pm

PIPELINE SPEC MATERIAL LENGTH VALVES & FITTINGS

Size / Sch ft
.. Pipe8 05 Steel 0.667 1-Reducer Enlargement 2.5 X 2
: 2in/40

Pipe 7 05 Steel 1.203
2.5in/40

Pipe 8 05 Steel 0.604 1-Reducer Contraction 2.5 X 1
25in/40

Pipe 9 02 Steel 0.271 1-Exit Projecting
1in/80

PIPE-FLO ver 5.01 Supernate Line Siphoning - Solids 10% HNF-2477, Rev. 0
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PIPE MATERIAL

Steel
Steel
SPECIFICATION MATERIAL
05 10%-sch40 Steel
Size: 2in
Size: 2.5in
Size: 3in
Size: 4 in
Size: 5in
02 10%-sch80 Steel
Size: 1in

PIPE-FLO ver 5.01

PIPE SUMMARY

SCHEDULE
40

80

03/17/97 3:04 pm

SIZE LENGTH
2in 0.667 ft
2.5in 3.038 ft
3in 2.99 ft
4in 1797.38 ft
5in 0.442 ft
tin 0.271 ft

VALVE & FITTING SUMMARY
SCHEDULE VALVES & FITTINGS

40

80

1-Reducer Enlargement 2.5 X 2

1-Elbow Short - r/d 1 @ 90°
1-Mitre Bend @ 90°
1-Reducer Contraction 2.5 X 2
1-Reducer Contraction 2.5 X 1

3-Elbow Short-r/d 1 @ 90°
2-Reducer Enlargement 4 X 3
1-Reducer Contraction 5 X 3
1-Reducer Contraction 4 X 3

3-Elbow Short - r/d 1 @ 45°
5-Elbow Short - r/d 1 @ 90°
12-Elbow Long - r/d 1.5 @ 90°
4-Mitre Bend @ 90°

1-Fixed K 0.4952

1-Tee Flow Thru Run

19-Pipe Bend r/d 10 @ 90°
2-Pipe Bend r/d 8 @ 90° )
1-Reducer Contraction 4 X 2.5

1-Entrance Sharp-Edged

1-Exit Projecting

Supernate Line Siphoning - Solids 10%

HNF-2477, Rev. 0
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Company: Fluor Daniel Northwest 03/17/97 3:23 pm
Project: W-320 Anti-Siphon and Drainflow System: SIPH10%1
by: D. L. Stone rev: 03/17/97 2:52 pm
PIPELINE REPORT

Pipe 2.2 rev: 03/17/97 2:46 pm

" PIPING MATERIAL: Steel SPECIFICATION: 10%-sch40

Schedule: 40 i
abs roughness: 0.0018 in SIZING Criteria: 6 ft/sec
LIMITS Velocity: 6 to 10 fi/sec

PIPE Slggi 2.{;‘26 in Preossure.: -14.4 to 300 opsi g
LENGTH: 18.673 ft FLUID 10% solids atgrn;g; gopsli:g
ELEVATION in: 661.7 ft den: 69.78 Ib/ft3
out: 672.315 it vsc: 12.87 cpois
PIPELINE RESISTANCE CURVE
Flow ffp Vel dP
gpm ftlsec  psi
71.98 .0386 1.816 5.263
0 .0000 O 5.142
33.04 .0494 0.833 5.171
66.08 0396 1.667 5.245
$9.12 .0352 25 5.362
132.2 .0326 3.333 5.52
165.2 0308 4.167 572
198.2 0294 5 5.989
231.3 .0284 5833 6.239
264.3 .0275 6.667 6.559
297.4 .0268 7.5 6.919
3304 .0262 8.333 7.318
363.4 .0257 9.167 7.756
396.5 .0252 10 8.234 |
VALVES and FITTINGS
VALVE / FITTING K-VALUE VALVE / FITTING K-VALUE
Elbow Long - r/d 1.5 90° 4@0.2282 Elbow Short-r/d 1 90° 0.326
Mitre Bend @ 90° 0.978 Fixed K 0.4952
FFT: 0.0163 TOTAL K: 2.712 Avg Percent of Total Loss: 61 %

HNF-2477, Rev. ¢
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Company: Fluor Daniel Northwest 03/17/97 3:30 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAINO0%1
by: D. L. Stone rev: 03/17/97 3:30 pm
System: DRAN10%1 Deviation: 0.00272 %
rev: 03/17/97 3:28 pm after: 3 iterations

Supernate Line - 0% solids - Time required to drain - Configuration 1: Source at Highpoint

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 4.1 <<< 101 ~N--4 0 0
Pipe 9 >>> 101 ~N-13 0 0

Flows IN: 101 gpm
Flows OUT: 101 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. 0
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LINEUP NODES 03/17/97 3:30 pm

NODE ELEVATION DEMAND PRESSURE H GRADE
ft gpm psig ft

~N--4 677.11 0 (source) 677.1
~N--5 661.63 ‘ 3.07 668
~N--6 660.39 6.035 662.9
~N--7 641.42 8.039 658
~N--8 623.217 16.51 657.3
~N--9 622.517 16.28 656.1
~N-10 621.85 16.51 655.9
~N-11 620.225 17.02 655.4
~N-12 619.621 16.6 653.9
~N-13 619.35 0 (source) 619.3

HNF-2477, Rev. 0
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LINEUP PIPELINES

TO

~N-10

) 0 ~N-11
Monitor 10% ~w--- dP: 0.215 HL: 0.444

PIPELINE FROM
e ad ~N-4
Pipe 4.2 ~N--5
Pipe 4.3 ~N--6
Pipe 4.4 ~N--7
Pipe 5 ~N--8
Pipe 6 ~N--9
Pipe 7 ~N-1
Pipe 8 ~N-11
Pipe 9 ~N-12

PIPE-FLO ver 5.01

~N-12
~N-13

FLOW
gpm
101
101
101
101
101
101
101

101
101

VEL
ft/sec
*2.547
*2.547
*2.547
*2.547
6.773
9.663
6.773

6.773
* 45.08

03/17/97 3:30 pm

dP
psig
(3.07)
(2.965)
(2.004)
(8.475)
0.237
(0.231)
(0.509)

0.415
16.6

HL

9.142
5.118
4.832
0.704
1.19

0.189
0.574

1.461
34.55

HNF-2477, Rev. 0

Page B-147

Supernate Line Drainflow - Highpoint to Endpoint - 10% Solids

pg 3



Y :apeid g |oAay

Bisd

wdb
C%0LNVHA
2%0LNVHA
wd gg:¢

raanssaxd
ajel mop}
:dnauyy
astiun]
L6/L1/€0

10°G 494 O14-3dld
SPIOS %01

- Jurodpu3 0} JuI0dmoT - mojulesq aur sjeusadng
S1C suois1°a

MOlJuleIq PUE UOUdIS-IuY 0Z-M

JSOMULION [BIuB(] Jonid

UOISIOA

BSUETTTT o
:Kq

noaford
:Ruedwion

0o

96'v8 : 6 edid

® vy TN~

96'p9 * g odid]

® 56711 LN~

96'p8 ¢ 2 od)
851°0 : %01 JONUOW

LE°01 0N~

96'v8 : 9 odid
LB 26N~
96'vg : g odid
81°L1 : 8N~
9679 : vy odid
LI9Z LN~
96'p8 1 ¢y odid

0®@o

HNF-2477, Rev. 0
Barmald 149



Company: Fluor Daniel Northwest 03/17/87 3:33 pm

Project: W-320 Anti-Siphon and Drainflow Lineup: DRAN10%2
by: D. L. Stone rev: 03/17/97 3:33 pm
System: DRAN10%2 Deviation: 0.0033 %
rev: 03/17/97 3:32 pm after: 4 iterations

Supernate Line Drainflow - 10% solids - Source at Stationpoint

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

LINEUP SUMMARIES
PIPELINE FLOW PRESSURE SET " LEVEL
gpm SOURCE psig ft
Pipe 4.3 <<< 84,96 ~N--6 0 0
Pipe 9 >>> 84.96 ~N-13 0 0

Flows IN: 84.96 gpm
Flows OUT: 84.96 gpm

NET FLOWS: 0 gpm

HNF-2477, Rev. 0
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LINEUP NODES 03/17/97 3:33 pm

NODE ELEVATION DEMAND PRESSURE H GRADE
ft gpm psig ft

T AN 650.39 0 (source) 650.4
~N--7 641.42 2.611 646.8
~N--8 623.217 11.18 646.3
~N--9 622517 11.11 845.5
~N-10 621.85 11.37 645.3
~N-11 620.225 11.95 644.9
~N-12 619.621 11.74 643.9
~N-13 - 619.35 0 (source) 619.3

HNF-2477, Rev. 0
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LINEUP PIPELINES

PIPELINE FROM TO
e 4.3 ~N--6 ~N--7
Pipe 4.4 ~N--7 ~N--8
Pipe 5 ~N--8 ~N--9
Pipe 6 ~N--9 ~N-10
Pipe 7 ~N-10 ~N-11

----- Monitor 10% ----- dP: 0.158 HL: 0.327
Pipe 8 ~N-11 ~N-12
Pipe 9 ~N-12 ~N-13

PIPE-FLO ver 5.01

FLOW
gpm
84.96
84.95
84.96
84.96
84.96

84.96
84.96

VEL
ft/sec
*2.143
*2.143
* 5698
8.13
*5.698

* 5.608
*37.93

03/17/97 3:33 pm

dP
psig
(2.611)
(8.57)
0.071
(0.256)
(0.582)

0.209
11.74

HL

3.578
0.508
0.846
0.139
0.423

1.036
24.51

HNF-2477, Rev.
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T-M MANUFACTURING €O 53E D WK 83229:3 0000099 485 |Calc# W320.27-019
p—— ) . ..., {Page /4 of
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VISR TRETRNCEE £ F I Vol A E~ai-15

L r—

ECONOMY

THROUGH
QUALITY

- T-M MFG. C0. st AROUgS AVE., SUNNYVALE, CALIF. 94086-3832
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T-M MANUFACTURING CO 53E D W® 8s2e9b9 0000103 ?3L M

.. . E~21~15
' THREADED AND BORED FOR WELDING

d v - — M — hd B —
S
£ ¢
-
¢ [ ) ! £
$ mp o
Y N )
; f
f ? !
8 - o
! . 1
- R —
sme 500 sme 600 svie 700
D1 M ENJS | ONS
SIZES B c ] E 8 K M . N P R v SIZE
% &V k%) 2 3% 1% 1% 2 3 3% 3% 3% 3% &V
Yall Al 2% 4% 2V 1% 2% 4% 443 4% 5 414 &l
1 4% 2% 4% 2% 2V 3 4% 4% 5% 5% % 1
1V 5% 3 [ 3% 2% 3 6 514 5% 535 Sl 1%
2 6% 3, 6% 4y 3% 4% 6% 6 5% 1% 6% 2
2% 6% 4 | % 4 3% Y 6% 6% 6% 84 6% 2
3 7% A% S% 4% 4 5% 8% | T 1% 1 10% 7 3
4 Y Sl 10% 5% 5% Ve 10% 9% 8% 11t% 8% 4

All dimensions given in inches /4"

For sizes lorger than 4” refer to
secton on fobricated joints.

L | : ! ,

T-M MANUFACTURING €O
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130.2001

F LAWRENCE
>, PUMPS IMNC.

371 Market Street, Lawrence, MA 01843.1595 » Telephone 508-682-5248 » Fax 508-975-4291

INSTALLATION, OPERATION, AND MAINTENANCE MANUAL

TITLE

CUSTOMER: WESTINGHOUSE HANFORD COMPANY
USER: WESTINGHOUSE HANFORD COMPANY
SERVICE: TRANSFER AND SLUICE PUMPS
LOCATION:  RICHLAND, WA

PURCHASE ORDERNO: WHCP.O. W-78259-7Z4

PUMP SERIAL NO: 91231-1, 91231-2, 91232-1 & 91232-2

PUMP ITEM NO: P-1361, P-0621, P-1361 & P-0621

HNF-2477, Rev. 0
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CONNECTIONS"
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WEIGHTS:

o 500 LBS
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.Engineering Data |

Dimensions for SP SERIES T
Female NPT ¢ Socket Weld ] AN
V4" thru 4" | N
: N\
A Butt Weld | HANDLE TRAVEL: 1/4 TURN :

12" thru 4"

\

NOTE: On 2-1/27, 3" & 4" sizes
handle travels 45° equally about
this center line.

174", 3/8”, 1/2”, 3/4" & 1” valves have 3 bolts

1-1/47, 1-1/2", 27 & 2-1/2" valves have 4 bolls

3" valves have 6 bolls

4" valves have 8 bolls &

[
. .
;
L 4]
} , FEMALE NPT SOCKET WELD BUTT WELD

PIPE FEMALE NPT SOCKET WELD APPROX. WT. (LBS.)
SIZE A B c D E F [a. .
{inch} | Port Dia. | Length | Height Handles | Dia. | Depth Bronze fron S/S AL C/S
" 627 3.12" | 2.18” 1.347 3.69" 56" 817 2 V2 1% Y 1%
%" .62 3.12" | 2.18" 1.34” 3.69” 69" 817 2 12 1% % 1%
V2 62" 3.12" | 2.16" 1.34" 3.69" .86” 81" 2 12 13% % 1%
A" .81 3.44” | 2.28" 1.47" 3.697 | 1.06" 81" 2V 1% 2Ys % 2%
1" 1.00" 3.88" | 2.86" 1.69” 4.31" | 1.34” 94" 3% 3 3v2 1Va 32
1" 1.25" 4.54" | 3.78" 1.56" 5.50" | 1.69" | 1.12" 72 6Ya 7V 22 7V
12" 1.50" 5.38” | 4.03" 1.70" 5.50" | 1.92" [1.18" 9v2 8 9 3 9
2" 1.94" 5.75" | 4.38” 2.03" 5.50" | 2.41” | 1.12” 12% 112 12V2 4 12V2
2" 2.50" 8.31" | 5.31" | 277" | 12.00" | 2.94" | 1.56" 31% 282 10
3" 2.75" 8.62" | 6.69" | 3.88" | 12.00" | 3.55" | 1.88~ 50 45 48 16 48
4" 3.50” 10.50" | 7.14" | 4.47" 12.00" | 4.55" | 2.12" 82 75 72 26 72

(NOTE: Male NPT, Solder-Joint, T-Klamp, Cheiry Burrell, Sil-Braze, and Grooved Ends are available in certain sizes and metals. Call
or wrile us for data.)

PIPE BUTT WELD APPROX. WT. (LBS.}
SiZe A B [ D E |
(Inch) | Port Dia. | Length | Height Handle fron | S/S AL C/s
7’2" 62" 3.12" | 218" 1.34" 369" | 1% i 2 % 2
%" .81” 3.44" 2.28" 1.47" 3.68" | 2 t 2y, 1 22
1" 1.00” 3.88" 2.86" 1.69" 4.31" | 3% ! 3% 1Yz 3%
1R" 1.507 5.38" 4.03” 1.70" 5.50" | 8% i 9 3va 9%
T 2" 1.94" 5.75" 4.38" 2.03" 5.50” | 12 113 4% 13 HNF-2477. Rev. 0
3” 2.75" 8.62" 6.69" 3.88" 12.00" | 457 | 48%2 16 482 Page B-lSé
4" 3.50" 10.50” 7.14* 4.47" 12.00" | 76 173 262 73

Sch 40 dimensions shown. Sch 10 and Sch 5 Butt Weld Ends also available.
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Cy factors for ‘SP’ series

Ball Valves

Cy is defined as the number of
U.S. gallons of water per minute, at
standard conditions (60 F° @ 14.7
PSIA) that will flow through a valve
at a 1 PSIG Pressure drop across
the Valve.

The Sizing Formulas
{1). Lau:

C, =GPM, /g
P

&

tfe
L

HNF-2477, Rev. 0
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mended for waler. airenal
1765 Up. 10 AZ-WIh E,

featires &

. Grade 3251
BIovides almost the same
ewhal low

gpr
SIZE

Nomenclature
GPM — U.S. Galions per Minute

W  — Pound per hour®

Q — Cubic feet per hour @ 60°F
and 14.7 PSIA

G — Specific Gravity

¥ — Specific volume of inlet steam

°F  — Inlet gas temperature

Py — lInlet pressure in PSIA

P2 — Outlet pressure in PSIA

P — Pressure drop across the valve
in PSI. Must not be greater
than half the absolute inlet
pressure

PSIA = PSIG + 147

*Pounds per hour may be converted to
standard cubic feet per hour by the
following formula.

W
0.0764 G

Q=

{2). SATURATED STEAM (3). GAS:

e, =¥/ 1 c,
21 PP+ P)

_ Q
1360

\/G(460+ °F) \/ 2
P Pt + Py

w=21c,/p\/ Q = (1360) C, \/ P \/P|+P2
v P Py + P, v G @0 + R 2
v
p=|_& | P = a_ T lwuso+-na
0159 W {1360} C, P,
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DRAWINGS ARE FOR MLLUSYRATION PURPOSES ONLY...
3—

3Way has s
Dlank Side Fitiing

A)

|

3-Way
W, (ths)er
13
16
]

35
3wy
Wi ({Lbs.)**
Bronze
46
59

Bronze

Imension.
F
Handle
6.12°
6.127
12.00"
12.007
ﬂ'r;ll
.50°
62"

Da.

3.80"

PLEASE CONSULT FACTORY PRIOR YO
3.80"

ARY FABRICATION OR INSTALLATION WORK

13
Helght
4.757
4.75"
[
Ho. Balt
Yotes
]
4

-
D
Center to
Bottom
1.78"
1.78°
2.69"
2.69"
J
Dia,
8.C.
3.88"
4757

D

4
Center
275"
2.75"
3.67"
3.53"

Blank Side | 10 End
5.00"
6.00%

L
Canter to

1.75"
1.757
2.84"
2.84"

B
Center
1o Side
294"
2.94"
3.95%
3.83°

M
Cenler
o Side
4.95"
502°

A
Port
Dla.

POAT
SIZE

{inch)
14"

[3]
Center
1o End
5.70"
5.77"
*{-Port shown See tow Chuis, paqes $ & 6, for ather possibdilies
**Wewghis for Atututt and for 4 Way suppled upon request,

Female NPT

PIPE
SIZE
{Ineh}
1%"
1%
7

Cy Factors for MP and BT Series Ball Valves Nomenciature

Cy is defined as " " " GPM — U.S. Galions per Minute
the number of U.S. g:f: ggg‘g Slraug[l?l Thry S[‘:de LL Port W — Pound per hour
gallons of water v il v Q -~ Cubl feet per hour @ 60°F
per minute, at 2" 12 16 10 8 and 147 PSIA
standard conditions o 3 Pr 10 3 G — Specific Graviy
{60°F @ 14.7 PSIA) Y — Specific volume of inlet steam
that wilt flow through 1" 14 45 25 2 PF - ;nlet gas temperature
avalve ata 1 PSIG % 15 5 7 5 P| - 8& pressure in PSIA
pressure drop across T a@‘: ::ejsr;e in Psx&e e
the Valve. 19" 16 100 56 4 “ i PSL. Must not be greater

" ute inlet
2 17 180 100 78 prossine e in
3”7 9 228 127 90 PSIA = PSIG + 147

" *Pounds per hour be converted
4 2 495 225 175 ﬁammpgrubic 1ee(m?;r hour by the 0
following formula,

Q= w

The Sizing Formulas . 0076 G

(1. Uauip: (2). SATURATED STEAM 3). GAS:

) c,=06PM, /g c, ="/ 3 ¢, =2 G (460 + °F) 3

] WP 21 PPy + P 1360 P Py + P;

P oam=c,\/ P w=216,\/F /P sp a=qs9c, \ /P PP
~ YV & v Y V@ + n 2

P = [ﬂ}"‘” P P = a 7w+ na
v {1360) C, P,

it

1}
[osunn '
2
<i
gL
S
9



ity Sensor

Model CMF300

Mass Flow
and Dens

ow
hr

i}
H

atf

easurement
010272

and density mi

low

fl

Direct mass

).

I
i

kg

100

(

to 10,000 ib/min

tes from O

ra

MICRO MOTION  ROSEMOURNT
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Model
CMF300

Micro Motion's ELITE™ Model CMF300 sensor offers the
most accurate mass flow and density measurement for a
variety of fluid processes, while exhibiting exceptionally
low pressure drop. The flow tubes can accommodate up
to 1450 psig (100 bar) and the compact housing safely
contains pressure up to 150 psig (10 bar).

The Model CMF300, working with the microproces-
sor-based ELITE™ Model RFT9739 transmitter, directly
measures the mass flow and density of procéss fluids at
flow rates from 0 to 10,000 tb/min (0 to 272,100 kg/hr)
and temperatures from -400 to 400°F (-240 to 204°C).
The sensor and explosion-proof transmitter can be
installed in the same hazardous area.

The Model CMF300 is available in 2 wide selection of
standard fluid connections for virtually any fluid process.

HNF-2477, Rev. 0
Paoce B-163




(.

: 80 mm JlS 10K weld neck JIS facing

CMF300 physical specifications -

5 . . inches

Dimensions in

(mm) 30 13764

5 7764 <767
*-—(130)"1
e
36 v/2
(927> Ed
Cim. A
Fittings table
Dim. A Dim. B
tting code  Face-to-face  Outside diam.

Descrlptxon of 316L siamless steel fmmgs

347016 (875) 8 1/4 (210)
35.8/16 (894) 718 1/4(210)
341716 (865)  9(229)

ATANSIS001b weld neck raised fac
4" ANSI 600 ib weld neck raised face 1Iange
I3t sanitary itting

80 mm DIN PN40

327/8 (835) =
33.7/16 (849) 3
32 7/8 (835)

: yoe.N grooved facing
80 mm DIN PNTOO we!d reck DN 2526 type C facing

)

7r 55 0/16 (303
34 9/16 (878)
35 5116 (03);
33 3/8 (848)
$7339/167(852)7

80 mm DN PN100 weld neck DIN 2512 Axype N‘groo.ved facing
{00 T DIN BN100 Weld Reck DIN 2512, Type N grooved facing

80 mm JIS 2OK weld necx JIS facmg
100, mm JiS 20K Wéld neck; IS tacing”
Special - contact factory

Descnptlon of Hastelloy@ C-22 fittings

8 1/4 (210)
EETERIERDE
327/8 (835) 7 7/8 (200)

80 mm DIN PN40 lap joint flange, D'N 2526 1

HNF-2477, Rev. 0
Pace R-164



,ow Rate vs. Pressure Drop

Pressure Drop (psid}

0.03
0.03

0.01

0.005
0.003 "

€.001
50 300 1000

Fiow Rate (Ib/min}

3020 5000 10,000

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

1. The pressure drop charts shown above have several
curves, which represent different viscosity (cp) values. For
fluids with a viscosity similar to water, use the curve
lebeled 1 cp.

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 1 ¢p.

3. From that point, locate the nearest horizontel line, then
refer 1o the left side of the graph, which indicates pressure
drop (in psi or bar) at the desired flow rate.

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

AP = AP

p':.-.'e./ S.'c'z:i\e te water

0.1

0.5
0.63

Pressute Diop (bary

0.01

0.005
0.003

0.001

0.0003
0.0003

0.0001

1380 10,000 50,000 272,300

Flow Rate (kg/hr}

Finding pressure drop of process fluids with a viscosity
above 1 centipoise (1 ¢p) ’

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

2. For {luids with a viscosity between any two values plotted
on the English Units or Metric Units graph, interpolate the

= "
approximate ... location.

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

fv:s::t-:y = CP, a.*..aa("cp;!c:es
2. Multiply the pressure drop indicated on the left side of the
graphbythef, velue from step 1:

viseesy

AP =4aP__ x{

viszesly

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 = APSS,

szt 2iatiE o water

HNE-2477, Rev. 0
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CMF300 performance specifications

Flow

Maximum range
0 to 10,000 ib/min (0 to 272,100 kg/r)

Rangeability
80:1

Accuracy

+ 0.15% = {{zero stability / flow rate) x 100]% of rate

Repeatability

+ 0.05% = {¥(zero stability / flow rale) x 100)% of rate

Zero stability’
0.25 Ib/min {6.80 kg/hr)
‘Density

Accuracy
+ 0.0005 g/cc

Repeatability
+ 0.0002 g/ce
Temperature

Accuracy
2 1°C % 0.5% of reading in °C

Rating )

-400° 10 400°F (-240° to 204°C)
Pressure influence on sensor?
Flow outpuls

-0.0006%/psi (-0.009%/bar)

Density outputs
+0.0000002 g/cc/psi (+0.0000028 g/ce/bar)

Pressure ratings
(Based on ASME B31.3)

Flow tubes
1450 psig (100 bar)

Housing
150 psig (10 bar)

1 Zero set at process tempecature 236° (£20°C).
2 Pres. i can be minimized or eli

Milliamp output rangeability
(for either 4-20 mA or 0-20 mA)

Minimum span
-

Flow 125 Ib/min
{3400 kg/hr)

Density 0.1 g/cc

Temperature  36°F (20°C)

Hazardous area classifications

Range limit

~10,000 t0 10,000 Ib/min
(-272,100 to 272,100 kg/hr)

0to 5 glce

-400° o 400°F
(-240° 1o 204°C)

Intrinsically safe when properly connecled to an approved

transmitler.

UL and CSA Class [, Div. 1, Groups C and D

Class I, Div. 2, Groups A,8,C,and D
Class I, Div. 1, Groups £, F, and G

CENELEC Exib 1B
SAA Exib 1B

Wetted materiais

316L stainless steel
Hastelloy® C-22

Housing materials

304L stainless steel

Shipping weight

162 ib (73.5 kg) with 3" ANSI 150 Ib weld neck raised face

flange

ikrough & veriely of technigques. Contsct your local sales represeniative or Micro Molion for more information.

HNF-2477, Rev. 0
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FLUOR DANIEL CALCULATION IDENTIFICATION AND INDEX i
NORTHWEST Date 3/ 26 / 1997
This sheet shows the status and description of the attached Design Analysis sheets.

- Discipline 27,Piping and Vessels WO/Job No. w320/E09147 Calculation No. W320-27-046

Project No. & Name Project W-320 Waste Retrieval for Tank 241-C-106

Calculation ltem Flushing Nozzle Lifting Force

These calculations apply to:
Dwg. No. H-2-818454, Sht. 3, Detail 8 Rev. No. 1
Dwg: No. H-2-818501, Sht. 1 Rev. No. 1
Other (Study, CDR)  ECN W-320-587 and USQ TF-97-0214

Rev. No.

The status of these calculations is:
Preliminary Calculations
Final Calculations

Check Calculations (On Calculation Dated )
Void Calculation (Reason Voided

OopO

Incorporated in Final Drawings? O Yes No
This calculation verified by independent "check” calculation? 3 Yes No

Original and Revised Calculation Approvals:
Rev. 0 Rev. 1 Rev. 2
Signatur}@ate Signature / Date Signature / Date

Originator W {;ﬁw—p_/
s 3/2¢ /52

Checked by . . 7 Cieni—s

{ 3/2H T
Approved by
3l2A9F
Checked Against k D*W
Approved Vendor Data . 4.0} _q(
INDEX
Design Analysis Description
Page No.
i Calculation Identification and Index
ii Calculation Cross Index .
1 Objective, Assumptions, References, Conclusion
2 Calculations
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KAISER ENGINEERS Cale. No. .(J370-17- 554,

HANFORO Revision _ O
DESIGN ANALYSIS PageNo. _ / of o
Client /), ma')‘ea 7)7[0 n‘(a}m) Covsordion WO/Mob No. 23 9/47 / [22 X YA/

Subject gy shine Alrzzly Lifting Forex Date 2/ /57 By mx Feferson
! ~

Checked 3j74[¢7  BY W S5
8y

~
Location o4/ -AY-/62 02E Slajee A+ Revised

“This colewldtion is 4o support useQ \//-F'97’02/4/4 £cr w320 -587,
Trhe Goal 16 o chow Q@ psteRa)l accident scenaris of nat Blanking ofF

Fhe Fushing noz2le xg\"\‘cr -rlus\«\"w\ the gluiece \mc_! Wil nat diels SL
the cover Qack T)\uo\ d\vuﬁ\j akove ’@\L nozzle.,

Assume thar Yhe \)e\oa}*a does st Sany \t«n'H7 CAaer between Fhe
Y\OZZ\L 0«\() \AéST orvor '\‘D C\-Y\K\\r ‘H\L 0{\'07\’\ GQ ‘uq Al<o RSSUMe
‘H’\:\‘\’ “H‘{ "‘ .,\i "T)c’LW\ C\oé’ \.'>+ qum |cc\n‘tl —A)’({U\ ;x CL\AM(TZY o
nowzle exit Yo shriking Yhe koftom “idce o “Hhe plug. ﬁs:umg Fhe
Maximum +low ke o Fhe inline Pum s /\%3 ‘)m u'r N
werst case, Assume worst case tg Yor 0% solids Clwith a f,o’c/(\
q)(y\\)\'\“‘3 & 112, Assame all Lluid s éemq /Jumlpd ‘i%roujl, Fhe neozzl/e.

[,\& CA((‘,A[AA‘-IDY\ w-\\\ nee "H"“ ‘g\ fquL (;r oan o en Jd_ on A %orvzord‘a(
P\q{- late and CcW1e?qr¢ Yhe rvesz ulh\n'\‘ $oee w'fk oo we (XZ"{\ &
e Caue»/ deck plug,

/Repevef\ces
o H-2-815454, sheet 3, Detail
) H-2-918 50/, Sheet |
3) H-2-919503, Sheet |
i) HNF-SD-W320- FDC-001, Bev. ¥/, Seet 2.2.2
) Vendor Dada i Lewsvence /un«f)s THL, Vertical Tuling ,RPM 3054 fhm?),gz
Y- Jowrence Rmfs Zne, Submersible /Sluvey, RPM 1760, Tem- 134
(7) A’Uc‘lamca) Ehjlnrtwn\J? evendl MAmu.zJ §% CJ} Michael Li m)céuj ) P 3 29
(%) H-2- 918544, Sheet™2

CO'\C kSlUf)
The Force d.evelo e in whe werst case siuation (22 b) is net
<ufBzient 4o )fa‘ “he Cover blsck f/”j (350 1),
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KAISER ENGINEERS Calc. No. (J320-27- 04

HANFORD Revision [#)
DESIGN ANALYSIS Page No. _2 of =
Client /Vuma‘l‘ec HamQrJ Covpora"‘\by\ WO/JOb/N°~/§7D?/§;7 P2 )(PY$IS
’ 2 i w Date  3/)] Y TK c ¢rSon
Subject 1, \w\\ Nozale : Littiv, Fo. ree e e T
Location o4/ AY-/02 na & Shlice Pit Revised By
Cover block P)“j weight = 350 Rt )
Q = 60 ﬂ?ﬂ’\ 4 PaKIimum ﬁcp 5a¢,
Mozzle is 2 schedule 4/0, 2%, ID RE 243
’SPec}Pff— ﬁmu.’f-;,, SFG= l/2 L0 J0% Solids R.A ‘/
16" ]prom rozzle Fo  bothsm )gcc & /3/&5 Rt

ol ~ ka7

: _Opex_l-_.let, on Horlzontal Plate .

27 (112X 62 A 1e/pe?)
L7 6T /A
e
g- 3Py g 22 LT
h= .33 {+

V = (Y0 apemY 6.00222% 8% \ = 1. 515 £+

32.2 9— Bolom

F = ({1515 &% X(9.53% lbmﬁﬁ)) /{és.s{‘%)"- 2(32.28(1.33 %)

Feriz.ss bf of 1A & 350 1 of plug weight
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N

Nomenclature

a acceleration

bhp brake horsepower

A area

4 speed of sound in fluid
C compressibility, Hazen-

Willlams constant, or
coefficient

depth, diameter
dlameter, drag
electrical horsepower
bulk modulus, energy
Darcy friction factor
frictlon horsepower
force

velocity of approach factor

local gravitational
acceleration
gravitational constant
(32.2)

mass flow rate per unit
area

fiuld height, head, depth
total head

moment of Inertia

ratio of specific heats

- minor loss coefficient

length of pipe, litt
mass

mass flow rate
rotational speed
specific speed.
Froude number
Reynolds number
Weber number
pressure

power

flow rate

radius

hydraulic radlus
specific gas constant

tt, Ibr
hp
1be/1t2, tt-Ibf
hp
e

tt/sec?
Ibm-tt/Ibf-sec?

1bm/sec-1t2
tt

19

e

ft, Ibf

bm
Ibm/sec
rpm

Ibf/1t2
ft-1bf/sec
gpm

ft

ft
tt-1bf/1bm-°R

FLUID
STATICS
AND
DYNAMICS

“XEg LI N0
=
b=

Symbols

€9 CHNYND YR 3 n 2w

Q

length

specific gravity

time

absolute temperature
velocity

volume

volumetric flow rate
welght

water Horsepower
x-¢coordinate
distance, y-coordinate
helght above datym

contact angle, beta ratio
specific weight
speclfic roughness
effictency

angle

absolute viscoslty
kinematle viscosity
density

shear stress

surface tenslon
specific volume

angle, deflection angle
rotational speed

Subscripts

o ga e on e

atmospheric

added

blade

centrold, contraction
discharge A
drag

equivalent, entrance
English, extracted
friction, flow

inside, inlet

se¢
°R
ft/sec

113 /sec

°

be/n®
tt

o
Ibf-see/t?
tt2/sec
1om/13
Ibt/1t2
Ibe/ty
t3/lbm

o

rad/sec

HNF-2477, Rev. 0
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3. F and z are positive to the right. F and y are
positive upward.

4. F is the force on the fluid. The force on the
walls or support has the same magnitude but
opposite direction.

5. The fluld Is assumed to flow horlzontally from
left to right and Is assumed to possess no y-
component of velocity.

The momentum possessed by a moving fiuld Is defined
s the product of mass (in slugs) and velocity {{n tt/sec).
The g. term in equation 3.146 Is needed to convert
pounds-mass Into slugs.

my
momentum = -—g— 3.146
<

Impulse is defined as the product of a force and the
length of time the force Is applied.

impulse = F At 3.147

The impulse-momentum principle states that the Im-
pulse applied to a moving body is equal to the change
in momentum. This is expressed by equation 3.148.

mAv
Fat= 3.148
— e
{'&;-:Solvlng for F' and combining m and A? ylelds equation
3.149.
" mAv  thAv
= = — 3.149
geAt ge
Since F is a vector, it can be broken into {ts compo~
nents
mAv;
F, = = 3.150
. - ge
F, =DA% 3.151
g:
If the fluld flow is directed through an angle ¢,
Av, = v(cos$—1) 3.152
Avy=v sing 3.153

There are several fluld applications of the impulse-
momentum princlple.

A. JET PROPULSION

thy = iy + pyel = V101 + Viuelfruel 3.1564
\Z —-Vipv
F, = 2022z 101V12 3.155
. ge
A7 -V
Fy= 2/’2”2yg 11 %y 3.156
e

FLUID STATICS AND DYNAMICS 3-29

Qe fuel

Figure 3.27 Jet Propulsion

B. OPEN JET ON VERTICAL FLAT PLATE

Avy=0 2.157
DYy = -V . 3.158
—17 Vv
F,= —m = 4 3.159
ge ge

Figure 3.28 Open Jet on Vertical Plate
C. OPEN JET ON HORIZONTAL FLAT PLATE
As the Jet travels upwards, Iits velocity decreases since

gravity is working against it. By the time the liquid has
reached the plate, the velocity has become

vy, = \fv§ —2gh 3.160
Ay, =0 3.161
Ayy = —\[v] —2gh 3.162

= (— v — 2gh 3.163

Figure 3.29 Open Jet on Horlzontal Plate
D. OPEN JET ON SINGLE STATIONARY BLADE

vz may not be the same as vy if friction Is present. If
no information is given, assume that vy == v;.

Av; = V2005~ 3.164
Avy == vzsin ¢ 3.165

HNF-2477, Rev. 0
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CALCULATION IDENTIFICATION AND

Date
INDEX 03/12/97

This sheet shows the status and description of the attached Design Analysis sheets.
Discipline:  PIPING/ VESSALS WO/Job No.: EO9142/ W-320 Caleulation No.:  W320-27-047
Project No, & Name: PROJECT W-320, TANK 241-C-106 SLUICING

Caleulation item:

W-320 PIT VOLUMES AND IN-OUT AREAS,
241-C-106 (Pits 06A and 06C), 241-AY-102 (Pits 02A and 02E)

These calculations apply to:

Dwg. No, None
Dwg. No. None

Rev. No. N/A
Rev. No. N/A

Other (Study, CDR): None Rev. No. N/A

The status of these calculations is:

] Preliminary Calculations
X1 Final Calculations
f] Check Calculations (On Calculation Dated )
[1 Void Calculation (Reason Voided )
" Incorporated in Final Drawings? [1 Yes X] No
This calculation verified by independent "check” calculations? 8 Yes X1 o

Original and Revised Calculation Approvals:

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

Originator

e RIS st alis

Checked by

et/ 47

Approved by

el -
WWM i

Checked Against
Approved Vendor Data

Q\v- O‘M/ 4.01.98

Design Analysis
Page No,

Description

Calculation Identification and Index

1 OBJECTIVE; CRITERIA; DATA; ASSUMPTIONS; METHODS; REFERENCES
24 SUMMARY - VOLUME AND AREA INFORMATION
ATTACH. A ESTIMATED EQUIPMENT VOLUMES/ PENETRATION AND GAP AREAS ( 17 SHEETS)
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o

DESIGN ANALYSIS

client:  NUMATEC HANFORD CORPORATION
Subject:  W-320 PIT VOLUMES AND IN-OUT AREAS

Location: TANK 241-C-106 and 241-AY-102, 200E

Cale. No.:\W320-27-047
Revision;0
Page No.: 1 of 4
WO/Job No. E09142/ W-320
Date: 03/12/97 By: M. R Custer M rRC
Checked: ©4/at/qy By W 3. JupLo
Revised: By:

OBJECTIVE:

The objective of this calculation is to determine the net volumes and air flow areas in and out of pits 06A and
06C at Tank 241-C-106 and pits 02A and 02E AT tANK 241-ay-102.

CRITERIA:

1.

DATA:

1.

N/A

N/A

ASSUMPTIONS:

1.

N/A

METHODS:

1.

N/A

REFERENCES:

-
a0

CoNDARONS

H-2-818448, Sh 1
H-2-818450, Sh 1
H-2-818453,8h 1 thru 3
H-2-818454, Sh 1thru 2
H-2-818480, Sh 1 thru 2
H-2-818494, Sh 1 thru 2

. H-2-818496, Sh 1 thru 6
. H-2-818500, Sh 1

. H-2-818501, Sh 1

. H-2-818502, Sh 1

. H-2-818503, Sh 1

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22,
23,

H-2-818505, Sh 1
H-2-818508, Sh 1
H-2-818515, Sh 1
H-2-818518, Sh 1
H-2-818524, Sh 1 and 2
H-2-818526,Sh 1and 2
H-2-818537, Sh 1
H-2-818542, Sh 1
H-2-818543, Sh 1
H-2-818544, Sh 1 and 2
H-2-818545, Sh 1
H-2-818549, Sh 1

KEH 0037.00 (06/92) KEFO55
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DESIGN ANALYSIS

:| client:  NUMATEC HANFORD CORPORATION WOlJob No. 09142/ W-320
Subject: W320 PIT VOLUME AND IN-OUT AREAS Date:  03/12/97 By

M.R Custer £7.2C.

Checked: ©4/81/37 By M. JUPLO

Location: 241-C-106 AND 241-AY-102 Revised: By:

SUMMARY - VOLUMES AND IN-OUT AREAS: (Refer to Attachment A)

TANK 241 -c-iOS, PUMP PIT (PIT 06A)
» PIT FREE VOLUME
a. PITVOLUME =145 ftx 11.0 ftx6.4 ft=1020 cu ft
b. INSTALLED EQUIPMENT VOLUME = 41 cu ft
FREE VOLUME = 979 cu ft
+ VENTILATION FLOW PATH AREA, PIT TO TANK
a. 6" HIGH CAPACITY DRAIN = 28.3 sq in (Winch)
b. OTHER PENETRATIONS = NONE
TOTAL FLOW AREA, PIT TO TANK =28.3sqin
» VENTILATION FLOW PATH AREA, PIT TO ATMOSPHERE
a. WINCH DRIVE PORT = 9.5 sq in
b. COVER BLOCK GAPS (NORTH SIDE) = 9.0 sq in
c. COVER BLOCK GAPS (SOUTH SIDE) = 12.0 sq in
TOTAL FLOW AREA, PIT TO ATMOSPHERE:
Maximum = 30.5 sq in
Minimum= 9.5sqin
TANK 241-C-106, SLUICE PIT (PIT 06C)
« PIT FREE VOLUME
a. PITVOLUME=9.0ftx85ftx76ft = 581 cuft
b. INSTALLED EQUIPMENT VOLUME = 5.0 cu ft
FREE VOLUME = 576 cu ft
* VENTILATION FLOW PATH AREA, PIT TO TANK
a. 6" HIGH CAPACITY DRAIN = 28.3 sq in (Sluicer)
b. OTHER PENETRATIONS = NONE

TOTAL FLOW AREA, PIT TO TANK =28.3 sq in g’;’f%‘lgz Rev. o




Cale. No. W320-27-047

Revision 0
DESIGN ANALYSIS Page to. 3ot 4
client: NUMATEC HANFORD CORPORATION WO/ob No. E09142/ W-320
Subject: W320 PIT VOLUME AND IN-OUT AREAS Date:  03/12/97 By. M.R Custer £IRC
Checked: 04/01/97 By HN.0. JUPLO
Location: 241-C-106 AND 241-AY-102 ’ Revised: . By:

* VENTILATION FLOW PATH AREA, PIT TO ATMOSPHERE
a. COVER BLOCKS (NORTH SIDE) = 10.0 sq in
b. COVER BLOCKS (SOUTH SIDE) = 7.5sqin
TOTAL FLOW AREA, PIT TO ATMOSPHERE:

MAXIMUM =17.5sq in
MINIMUM = 0.0 sq in, however assume 1.0 sq in (Due to incomplete sealing)

] TANK 241-AY-102, PUMP PIT (PIT 02A)

« PIT FREE VOLUME
a. PITVOLUME =120 ftx8.0ftx5.0ft =480 cuft
b. INSTALLED EQUIPMENT VOLUME = 7.7 cu ft
FREE VOLUME = 472 cu ft

« VENTILATION FLOW PATH AREA, PIT TO TANK
a. 6" HIGH CAPACITY DRAIN = 28.3 sq in (Distributor)
b. OTHER PENETRATIONS = NONE
TOTAL FLOW AREA, PIT TO TANK =28.3 sqin

« VENTILATION FLOW PATH AREA, PIT TO ATMOSPHERE
a. VALVE HANDLE - 1/16 ingap @ 3in. HOLE = 0.9 sqinx2= 1.8 sqin
b. COVER BLOCKS GAPS (EAST/ WEST SIDES) = 107.0 sq in
c. 3“DIA. PENETRATION (DRAIN SEAL) = 0.6 sq in
TOTAL FLOW AREA, PIT TO ATMOSPHERE:

MAXIMUM = 108.2 sq in
MINIMUM =  1.2sqin

u TANK 241-AY-102, SLUICE PIT (PIT 02E)
+ PIT FREE VOLUME
a. PITVOLUME=80%x6.0ftx7.0ft =336cuft

b. INSTALLED EQUIPMENT VOLUME = 43.0 cu ft

FREE VOLUME = 293 cu ft HNF-2477, Rev. 0
E Page D-4
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3 client: NUMATEC HANFORD CORPORATION WOlleb No. E09142/ W-320
subject: W320 PIT VOLUME AND IN-OUT AREAS Date:  03/12/97 By: M.R Custer A7£C-
Checked: OA/or/41 By #.J. JupLo
Location: 241-C-106 AND 241-AY-102 Revised: By:

« VENTILATION FLOW PATH AREA, PIT TO TANK
a. 6" HIGH CAPACITY DRAIN = 28.3 sq in (Winch)
b. OTHER PENETRATIONS = NONE
TOTAL FLOW AREA, PIT TO TANK =28.3sqin

« VENTILATION FLOW PATH AREA, PIT TO ATMOSPHERE
a. WINCH DRIVE PORT = 9.5sqin
b. COVER BLOCK GAP (NORTH SIDE) = 9.1 sqin
c. COVER BLOCK GAP (NORTH SIDE) = 10.3 sq in
TOTAL FLOW AREA, PIT TO ATMOSPHERE:

MAXIMUM
MINIMUM

28.9sqin
9.5sqin

HNF-2477, Rey,
> .0
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