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DESIGN ANALYSIS P a g e ~ o . :  I of 8 

Date: I I /G /c 7 
:lient: Numatec WONob No.: E09141NV-320 
Subject: SlurrylSupernate Hydraulic Analysis 

-0cation: 241 -C1241 -AY Revised: BY' 

BY. Kelly Hayase 
Checked: 3 ) ;/5 By: !/. . <.fi.' 

OBJECTIVE: 

The objective of this calculation is to perform the hydraulic analysis on the slurry line and the 
supernate line for W-320. This calculation will use the As-Built conditions @&TUBJV) of the slurry line 
and the supernate line. Booster Pump Curves vs System Curves shall be generated for the supernate system 
and the slurry system. 

DESIGN INPUTS: 

CRITERIA AND SOURCE: 

I. HNF-SD-W320-FDC-001, Rev. 4 

GIVEN OR KNOWN DATA: 

1. The slurry piping system shall be capable of transferring abrasive fluids up to 30% solids (1.2 
specific gravity). The sluice piping system (referred to supernate piping system in this 
calculation) shall be capable of transferring abrasive fluids up to 10% solids (1.12 specific 
gravity). (Ref. # I )  

The WRSS shall be capable of transferring a minimum of 250 gpm. (Ref. #I) 

The minimum pipeline transfer velocity shall be 6 Wsec. (Ref. #I) 

The normal fluid operating temperature range is 60 to 120°F. (Ref. #I) 

2. 

3. 

4. 

ASSUMPTIONS: 

1.  The analysis assumes that the slurry behaves as a Newtonian fluid 

2 .  The viscosity correction for the immersible pump was neglected for the analysis. The head 
of the immersible pump when pumping the 30% solids slurry (viscosity = 93.45 cp) at 350 
gpm, is approximately 5 ft less than the head when pumping water. This translates to a 5 ft 
difference in the head of the booster pump, or 2% at 350 gpm, which is negligible. 

The normal fluid operating temperature is assumed to be 9O"F, which is the midpoint of the 
normal fluid operating temperature range. 

The design flow rate is assumed to be 350 gpm. 

The siphon holes on the slurry piping system would allow air to be introduced into the pipeline 
because of the negative pressure at this point. Because Pipe-Flo does not analyze two 
phase flow, the siphon holes were not included in the analysis. 

3. 

4. 

5. 

FDNW CALCUU\TION SHEET HYDRO.WPD 



Calc No W320-27-048 FLUOR DANIEL 
NORTHWEST INC. Revision 0 

DESIGN ANALYSIS P a g e ~ o  2 of 3 
:lient: Numatec 
subject: SlurrylSupernate Hydraulic Analysis 

.ocation: 241 -C/241 -AY 

WO/Job No.: E09141NV-320 

Date: f 6'10 7 BY: Kelly Hayase 

Revised. BY 

Checked: 3 1 ~ / 7  3 By: .g , u( 

METHODS TO BE USED: 

The computer program Pipe-Flo (Ref. #2) shall be used for this calculation. Pipe-Flo uses the Darcy- 
Weisbach equation to calculate the pressure drop in a pipe. Refer to the Pipe-Flo manual for a more detailed 
discussion of the methods used by the program. 

REFERENCESISOURCES: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

HNF-SD-W320-FDC-00II Rev. 4. 

Pipe-Flo Computer Program Version 5.01, by Engineered Software Inc. 

Crane Technical Paper No. 410, 1991 

Micro Motion, Model CMF3OO Mass Flow and Density Sensor, Catalog Data. (Appx F-I)  

PBM, Two-way Ball Valves SP-Series, Catalog Data. (Appx F-2) 

PBM, Multi-Port Ball Valves, Catalog Data. (Appx F-3) 

Lawrence Pumps, Inc., immersible pump (P-1361) dimensional drawing and pump curves. 
(Appx F-4 to F-6) 

Lawrence Pumps, Inc., booster pump (P-1362) dimensional drawing and pump curves. (Appx 
F-7 to F-14) 

ANSI/HI 1 .I-1.5-1994, Centrifugal Pumps, viscosity correction curves. (Appx F-15 to F-18) 

Drawing Numbers: 

H-2-818495, Sht 1, Rev. 0 
H-2-818501, Sht 1, Rev. 2 
H-2-818505, Sht 1. Rev. 0 
H-2-818515, Sht 1, Rev. 0 
H-2-818521, Sht 1, Rev. 0 
H-2-818524. Sht 2, Rev. 0 
H-2-818526, Sht 2, Rev. 0 
H-2-818534, Sht 1, Rev. 0 
H-2-818537, Sht 2. Rev. 1 
H-2-818541, Sht 1, Rev. 1 
H-2-818544, Sht 1, Rev. 0 
H-2-818545, Sht 1, Rev. 1 
H-2-818551. Sht 1, Rev. 0 
H-2-818551, Sht 3, Rev. 0 
H-2-818551. Sht6. Rev. 0 

H-2-818498, Sht 1. Rev. 0 
H-2-818503, Sht 1. Rev. 2 
H-2-818508, Sht 1, Rev. 0 
H-2-818520, Sht 1, Rev. 0 
H-2-818524. Sht 1, Rev. 0 
H-2-818526, Sht 1, Rev. 0 
H-2-818533, Sht 1, Rev. 0 
H-2-818537, Sht 1, Rev. 1 
H-2-818540, Sht 1, Rev. 1 
H-2-818542, Sht 1, Rev. 1 
H-2-818544, Sht 2, Rev. 1 
H-2-818549, Sht 1, Rev. 0 
H-2-818551, Sht 2, Rev. 0 
H-2-818551. Sht 4, Rev. 0 
H-2-818551, Sht 7, Rev. 0 
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Calc. No.: W320-27-048 FLUOR DANIEL 
NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS 
:lient: Numatec WOlJob No.: E09141/W-320 
Subject: SlurrylSupernate Hydraulic Analysis Date: I I / 6 f? 7 By' Kelly Hayase, 

Checked: 3 !5/98 By' d 5' ' 

Page NO.: 3 of 8 

.ocation: 241 -C/241 -AY Revised: BY. 

CONCLUSIONS: 

As shown by the analysis, the system is capable of transferring a minimum of 250 gpm and 
maintaining the minimum velocity above 6 Wsec. This calculation used the As-Built conditions (as of 10/30/97) 
of the slurry line and the supernate line. 

The Booster Pump Curve vs System Curve for the supernate system is shown in Figure 1 on 

The Booster Pump Curve vs System Curve for the slurry system is shown in Figure 2 on Appendix 

Appendix page A-I.  

page A-2. 

FDNW CALCUMTON SHE- HYDRO WPD 
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DESIGN ANALYSIS P a g e ~ o . :  4 of 8 
:lient: Numatec WO/Job No.: E09141NV-320 
Subject: SlurrylSupernate Hydraulic Analysis Date: I \ l G I c ; 7  By: Kelly Hayase 

.ocation: 241-Cl241-AY Revised: BV: 

Checked: 3 / 5  / 5 v  By: /.,!: .'d / 

CALCULATIONS: 

The following information shall be used as input into the Pipe-Flo program 

Table 1: Fluid Properties 

Notes: (1) Assumed straight line interpolation between values given in FDC. 
(2) Viscosity at T = viscosity at 68°F(1-0.005(T-680F)) (Ref. # I )  

Table 2: Micro Motion Pressure Drop (1) 

0 lblmin 50 Iblmin 3000 lblmin 5000 lblmin 

0 lblhr 3000 Ib/hr 180,000 lblhr 300,000 lblhr 

0 psi 0.003 psi 5 psi 14 psi 

10% solids 0 psi 0.013 psi 6.25 psi 16.1 psi 

0 psi 0.017 psi 7.76 psi 17.2 psi 

0 psi 0.083 psi 12.5 psi 25 psi 

Note: (1) Ref. Appx F- I  

HYDRO WPD FONW CALCUMTioN 5 H E m  

W-2478, Rev. 0 
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0 195 292 370 486 

145 138 133 127 119 

Slient: Numatec 

Subject: SlurrylSupernate Hydraulic Analysis Date- 1 ! / 6 / ? 1  By: Kelly Hayas 
Checked: 3 /x)y 3 By: I-! < (FJ 

WONob No : E09141/W-320 

* 7  
.ocation: 241-C/241 -AY Revised : By: 

Determine the resistance coefficient K for ball valves: 

K = 891 (d')/(Cv)' (Ref. #3. Page 3-4. Eq 3-16) 

PBM SP-Series 4" ball valve 

Cv = 675 

K = 891(4.0264)/(675)2 = 0.5 

(Ref. Appx F-2) 

PBM MP Series 3 '  3-way ball valve, straight through 

Cv = 228 

K = 891(3.0684)/(228)2 = 1.5 

(Ref. Appx F-3) 

FDNW CALCULATlON SHEET HYDRO WPD 
HpF-2478. Rev. o 



FLUOR DANIEL Calc. No.: W320-27-048 ' NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS Page NO.: 6 of 8 
Client: Nurnatec WOlJob No.: E09141NV-320 
Subject: SlurrylSupernate Hydraulic Analysis Date: l j /c  f q 7 BY: Kelly Hayase 

Checked: 3 /5/? 9 By. .: &/ 
Location: 241-C1241 -AY Revised: By: 

Supernate Line 
Pipe-Flo Models: SN-00 

SN-IO 
SN-05 

\ 

FDNW CALCULATION SHEET HYDRO WPD 
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DESIGN ANALYSIS PageNo 8 of 8 
:lient: Numatec 
hbject: SlurrylSupernate Hydraulic Analysis 

.ocation: 241-C1241-AY 

WO/Job No.: E09141NV-320 
Date: l l /6  117 
Checked: ] / 5  / 7  2 
Revised: By: 

BY: Kelly Hayase 
By: :', L <.4%.j 

Discussion of the Pipe-Flo analysis: 

1) The pipe flow models in Appendix 8 (SN-00, SN-05. and SN-10) analyze the supernate system for 0%, 
5%, and 10% solids, respectively, at the assumed design flow rate of 350 gpm. 

2) The pipe flow models in Appendix C (SL-00, SL-10, SL-20, and SL-30) analyze the slurry system for 
0%, IO%, 20%, and 30% solids, respectively, at the assumed design flow rate of 350 gpm. 

3) The pipe flow results in Appendix D show the TDH of the booster pump at various flow rates of the 
three cases, 0%, 5%, and 10% solids, for the supernate system. 

4) The pipe flow results in Appendix E show the TDH of the booster pump at various flow rates of the four 
cases, 0%, IO%, 20%, and 30% solids, for the slurry system. 

5) The supernate piping system curves shown in Figure 1 (Appx A-I) were plotted from the values 
determined in Appendix D. The slurry piping system curves shown in Figure 2 (Appx A-2) were plotted 
from the values determined in Appendix E. The booster pump curves were regenerated from the pump 
curves provided by Lawrence Pumps (Ref. Appx F-8 to F-14). The viscosity correction factors (Ref. Appx 
F-15 to F-18) were applied to the pump curves as shown in Figures 1 and 2. 

Discussion of the Pipe-Flo results 

1) The exit pressures at the nozzle (supernate line) and the distributor (slurry line) are assumed to be 
atmospheric pressure. While this is true for the nozzle, the distributor will see a range of exit pressures. 
The pressure will range from atmospheric pressure to a maximum of 20 ft of water. This would increase 
the TDH of the booster pump by 20 ft, however, due to the large excess capacity of the slurry booster 
pump, this is acceptable. 

2) Because Pipe-Flo does not analyze two-phase flow, the siphon holes were not included in the analysis 
of the slurry line (assumption #5). Therefore, the actual pressure drop resulting from two-phase flow was 
not considered. Due to the large excess capacity of the slurry booster pump, this difference is not critical. 

3) The results of this calculation show that in the slurry line, downstream of the micro motion flow sensor, 
negative pressures exist. Under certain flow condtions, these negative pressures fall below the vapor 
pressure of water. Damage resulting from cavitation would be localized near this region (Nozzle A in 
Pump Pit 241-AY-02A). Over the 2 year life of the project, this damage would be negligible. 

, 

FDNW CALCUUTION SHEm HmRO WPD 
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APPENDIX A 

Page A-I  
Page A-2 

Figure 1 
Figure 2 

I 
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W-320 Tank 241-C-106 Waste Retrieval 

Figure 1: Booster Pump Curve vs  System Curve 
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Slurry 

A-2 of A-2 



FLUOR DANIEL Calc. No.: W320-27-048 

NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS PageNo.: b-oof 6 - y L  
Client: Numatec WO/Job No.: E09141NV-320 
Subject: SlurrylSupernate Hydraulic Analysis Date: By: Kelly Hayase 

Location: 241 -C/241-AY 
Checked: 3 / 5- / 9 9 By: L! -5 
Revised: By: 

APPENDIX B 

Pipe-Flo Results SN-00 
Pipe-Flo Results SN-05 
Pipe-Flo Results SN-10 

Page 8-1 
Page 8-15 
Page 8-29 
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Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 11 :34 am 

by: K Hayase 
SYSTEM REPORT 

Design file: 
Pipe Specs: 1 

NODE 

BP Discharge 

BP Suction 

IP Discharge 

Noz Trans 

Nozzle 

Nozzle 6 

Nozzle U-2 

Pivot 

Siphon 

Siphon1 

Siphon2 

TK 241-AY-102 

Transition 

Wall 

ELEVATION 
ft 

672.34 

672.03 

636 

619.96 

619.71 

641.08 

677.07 

623.31 

661.94 

SYSTEM NODES 

PIPELINES IN 

AY5 

AY4 

AY 1 

c 2  

c 3  

Buried 

AY6 

c 1  

AY3 

661.94 s1  

661.94 52  

635.5 

637 AY2 

676 AY7 

10/27/97 1237 pm 
 system:^^-^^ 6 - 2  "C B -  , 

rev: 10/22/97 9:55 am 

Pipes: 13 
Nodes: 14 

PumpdComps: 1 

PIPELINES OUT 

AY6 

AY5 

AY2 

c 3  

c 1  

AY7 

c 2  

AY4 
51 
52 

AY 1 

AY3 

Buried 

PIPE-FLO ver 5.01 

H&-2478, Rev. 0 

Calculation W320-27-048 



PIPELINE 

AY1 01 
AY2 01 
AY3 01 
AY4 01 
AY5 01 
AY6 01 
AY7 01 
Buried 01 
c 1  01 
c 2  01 

c 3  01 
S I  01 

s 2  01 

PIPE-FLO ver 5.01 

SYSTEM PIPES 

SPEC FROM-NODE 

TK 241-AY-102 
IP Discharge 
Transition 
Siphon 
BP Suction 
BP Discharge 

Nozzle U-2 
Wall 

Nozzle 6 
Pivot 
Noz Trans 
Siphon 
Siphon 

0-3  s L-,’ 10127197 1237 pm 

TO-NODE PUMPICOMP 

IP Discharge 
Transition 
Siphon 
BP Suction 
BP Discharge 

Nozzle U-2 

Wall 
Nozzle 6 
Pivot 
Noz Trans 
Nozzle 
Siphon1 

Siphon2 

~ p l ~ - 2 4 7 8 .  eev. 0- 

Calculation W320-27-048 

Immersible Pmp 



SYSTEM COMPONENTS 10/27/97 123 7 pm 13-4.q B - L  
PUMPICOMP PERFORMANCE DATA 

Immersible Pmp gpm: 0 195 292 370 486 
ft: 145 138 133 127 119 
eqn: 145 - 0.00325666 Q 1.45285 

PIPE-FLO ver 5.01 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

Created: 1011 5/97 1 1  :34 am 
Design tile: 

Pipe Specs: 1 

10127/97 1238 pm 
System: SN-00 
rev: 10/22/97 9:55 am 

G -3 t.f 5-b: 
PIPELIST REPORT 

Pipes: 13 
Nodes: 14 

PumpdComps: 1 

SPECIFICATION 

SPECIFICATIONS 

PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch I Roughness Temp / Pres Vel I Pres 

01 SN-O%-Sch40S SSteel 
rev: 10/21/97 1:OZ pm Sch 405 

0.001 8 in 
Size for: 6 Wsec 

PIPE-FLO ver 5.01 

0% solids Standard 
60 "F Standard 
0 psi g 

*F-2478, Rev. o 
Calculation W320-27-048 

0 - 20 ftkec 
-14.4 - 400 psi g 



PIPELINE 

AY 1 

AY2 

AY3 

AY4 

AY5 

AY6 

AY 7 

Buried 

c 1  

c 2  

c 3  

S I  

s2  

SPEC 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

01 

PIPELIST 

MATERIAL 
Size I Sch 

SSteel 
3 in I40S 
SSteel 
3 in I40S 
SSteel 
4 in I40S 
SSteel 
4 in I40S 

SSteel 
3 in I 40s 
SSteel 
4 in I40S 
SSteel 
4 in I40S 
SSteel 
4in140S 
SSteel 
4 in I40S 
SSteel 
2.5 in I40S 
SSteel 
1 in I405  
SSteel 
0.25 in I 405 
SSteel 
0.25 in I40S 

LENGTH 
ft 

I 

2 

20 

19 

3 

7.1 

I .5 

1718 

26 

4 

0.25 

0.02 

0.02 

10/27/97 12:18 pm 
0-6  .f 5- 5-1 

FLUID 
Temp I Pres 

0% solids 
60 "F I O  psi g 
0% solids 
60 "F I O  psi g 

0% solids 
60 "F IO psi g 
0% solids 
60 " F I  0 psi g 
0% solids 
60 'F I O  psi g 
0% solids 
60 "F I O  psi g 
0% solids 
60 "FIO psi g 
0% solids 
6O"FI 0 psi g 
0% solids 
60 " F I  0 psi g 
0% solids 
60 " F I  0 psi g 
0% solids 
60 "F I O  psi g 
0% solids 
60 " F I  0 psi g 
0% solids 
60 "F I O  psi g 

VALVES 
Total-K 

0 

1.094 

1.465 

2.1 83 

0.05435 

1.108 

0.326 

9.896 

2.943 

2.69 

1 

2.818 

2.818 

PIPE-FLO ver 5.01 

HM-2478, Rev. 0 
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Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

10/27/97 12:18 pm 
S y s t e m : ~ ~ - 0 0  6-7 c< ~ - 4 2  e 
rev: 10/22/97 955  am 

7 h f h  
Pipes: 13 

Nodes: 14 
PumpslComps: 1 

MATERIALS REPORT 
Created: 1011 5/97 11 :34 am 

Design file: 
Pipe Specs: 1 

PIPE MATERIALS LIST 

MATERIAL 
Size / Sch 

SSteel 
3in140S 

SSteel 
3 in I40S 

SSteel 
4in140S 

SSteel 
4 in /40S 

LENGTH VALVES & FITTINGS 
ft 

1 

PIPELINE 

AY 1 

AY2 

SPEC 

01 

01 3-Elbow Short - r/d 1 Q 90" 
1-Reducer Enlargement 4 X 3 

2 

AY3 01 20 4-Elbow Short - r/d 1 Q 90" 
1-Elbow Long - r/d 1.5 Q 45" 

AY4 01 19 2-Elbow Short - r/d 1 Q 90" 
4-Elbow Long - rld 1.5 Q 90' 
1-Reducer Contraction 4 X 3 
1 -Fixed K 0.5 

AY 5 

AY6 

01 

01 

SSteel 
3 in I40S 

SSteel 
4 in / 40s 

3 

7.1 

1-Reducer Enlargement 4 X 3 

2-Elbow Long - rld 1.5 Q 90' 
1-Elbow Short - rld 1 Q 90" 
I-Tee Flow Thru Run 

AY7 

Buried 

01 

01 

SSteel 
4in140S 

SSteel 
4in140S 

1.5 

1718 

1-Elbow Short - r/d 1 Q 90" 

19-Pipe Bend dd 10 Q 90" 
2-Pipe Bend dd 10 Q 45" 

C4 01 26 SSteel 
4 in /40S 

2-Elbow Short - r/d 1 Q 90" 
5-Elbow Long - r/d 1.5 @ 90" 
2-Elbow Short - rld 1 Q 45" 
1-Reducer Contraction 4 X 2.5 

c 2  01 SSteel 4 
2.5 in I40S 

2-Elbow Short - dd 1 Q 90" 
1-Reducer Contraction 2.5 X 1 

c 3  ' 

s 1  

01 SSteel 0.25 
1 in I40S 

01 SSteel 0.02 
0.25 in I405  

1-Exit Sharp-Edged 

1 -Tee Flow Thru Branch 
1-Exit Sharp-Edged 

s 2  01 SSteel 0.02 1-Tee Flow Thru Branch 

WF-2478, Rev. 0 
Calculation W320-27-048 PIPE-FLO ver 5.01 



PIPELINE 

PIPE-FLO ver 5.01 

~ _ _ _  

PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES B FITTINGS 

10l27l97 1238 pm 
0 -g c;;r 3 -4z* 

1 / 2  v/s s Size I Sch ft 

0.25 in I40S I-Exit Sharp-Edged 

Hy-2478, Rev. 0 ,  

Calculation W320-27-048 



PIPE SUMMARY 10/27/97 1218 pm 
g-q o f  S - Y L  PIPE MATERIAL SCHEDULE SIZE LENGTH 

SSteel 40s 0.25 in 0.04 ft 
1 in 0.25 ft 
2.5 in 4 f t  
3 in 6 f t  
4 in 1791.6 ft 

VALVE & FITTING SUMMARY 

SPECIFICATION MATERIAL SCHEDULE VALVES & FITTINGS 

01 SN-O%-Sch40S SSteel 40s 

PIPE-FLO ver 5.01 

Size: 0.25 in 

Size: 1 in 

Size: 2.5 in 

Size: 3 in 

Size: 4 in 

2-Tee Flow Thru Branch 
2-Exit Sharp-Edged 

I-Exit Sharp-Edged 

2-Elbow Short - r/d 1 @ 90" 
1-Reducer Contraction 2.5 X 1 

3-Elbow Short - dd 1 Q 90" 
2-Reducer Enlargement 4 X 3 

1 0-Elbow Short - dd 1 Q 90" 
I-Elbow Long - dd 1.5 Q 45" 
1 I-Elbow Long - r/d 1.5 Q 90" 
I-Reducer Contraction 4 X 3 
I-Fixed K 0.5 
I-Tee Flow Thru Run 
19-Pipe Bend r/d 10 Q 90" 
2-Pipe Bend r/d 10 Q 45" 
2-Elbow Short - r/d 1 Q 45" 
I-Reducer Contraction 4 X 2.5 

WF--2478, Rev. o 
Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

PIPING MATERIAL: SSteel 
Schedule: 40s 

abs roughness: 0.0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 
LENGTH: 1718 ft 

ELEVATION in: 676 ft 
out: 641.08 ft 

Flow ffP 
gPm 
350 .0214 
0 .oooo 
66.08 ,0300 
132.2 ,0256 
198.2 ,0236 
264.3 ,0224 
330.4 ,0216 
396.5 ,0210 
462.5 ,0206 
528.6 ,0202 
594.7 ,0199 
660.8 ,0196 
726.9 .0194 
792.9 ,0192 

VALVE I FITTING 
Pipe Bend r/d 10 90" 

FFT: 0.0163 

PIPE-FLO ver 5.01 

Vel dP 
Wsec psi 
8.828 47.48 
0 -15.12 
1.667 -12.07 
3.333 -4.588 
5 6.865 
6.667 22.13 
8.333 41.14 
10 63.82 
11.67 90.14 
13.33 120.1 
15 153.6 
16.67 190.7 
18.33 231.4 
20 275.7 

10127/97 12:24 pm 
System: SN-00 
rev: 10/22/97 9:55 am 

3 'IO ,.C 6 <?.-- 

PIPELINE REPORT 
Buried rev: 10/22/97 9:54 am 

SPECIFICATION: SN-O%-Sch40S 
SIZING Criteria: 6 Wsec 
LIMITS Velocity: 0 to 20 Wsec 

FLUID 0% solids at tmp: 60 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 62.37 Ib/V 
vsc: 4.16 cpois 

VALVES and FITTINGS 

K-VALUE VALVE I FITTING K-VALUE 
19aO.489 Pipe Bend r/d 10 45" 

TOTAL K: 9.896 Avg Percent of Total Loss: 8 % 

%~-247a. Rev. o 
Calculation W320-27-048 

2a0.3027 



Nozzle U.2 : 173 03 I3 

P "'5 

713 ti 

o e o  

Noule : 0 

350 Om 91 

Pivot: 131.1 15>3 

:350 '5P" 

NarTranr: 121 p;c, 

fJ 'Y 8P Suction : 33.1 8 t 

Transition: 51.8 fs;2 

5P" A+ : 379.4 

IP Discharge : 54.53 PA':, 

Ob0 immersible Pmp : (126.8) 
mt? 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

-cs 
c p  

10/27/97 1239 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gp,m 
pressure: psig 

level & grade: 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SN-00 
rev: 10122197 9:55 am 

10127197 12:21 pm 
Lineup: SN-00 
rev: 10/27/97 12:21 pm 

6 - 12 o f  6 - 4 

Deviation: 0.000252 % 
after: 8 iterations 

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

LINEUP SUMMARIES 

PIPELINE 

c 3  
S I  

s 2  
AY 1 

PIPE-FLO ver 5.01 

PRESSURE 
SOURCE 

SET 
Psi 

Nozzle 0 
Siphon1 0 

Siphon2 0 
TK 241 -AY-102 0 

Flows IN: 379.4 gpm 
Flows OUT: 379.4 gpm 

NET FLOWS: 0 gpm 

HNF-2478, Rev. o 
Calculation W320-27-048 

LEVEL 
ft 

0 

0 
0 
0 



NODE 

BP Discharge 
BP Suction 
IP Discharge 
Noz Trans 

Nozzle 
Nozzle 6 
Nozzle U-2 
Pivot 
Siphon 
Siphon1 
Siphon2 
TK 241 -AY-I 02 
Transition 
Wall 

PIPE-FLO ver 5.01 

LINEUP NODES 

ELEVATION DEMAND 
ft gpm 

672.34 
672.03 
636 

619.96 

619.71 
641.08 
677.07 
623.31 
661.94 
661.94 
661.94 
635.5 
637 
676 

10/27/97 12:21 pm 
15-13 ..f 8 - L -  

PRESSURE 
Psi 9 

175.9 
33.1 a 
54.53 
121 

0 (source) 
125.8 
173 
131.1 
39.33 
0 (source) 
0 (source) 
0 (source) 
51 .a 
173.3 

HNF-2478. Rev. '2 

Calculation w320-27-048 

ti GRADE 
ft 

1079 
748.7 
762 
899.6 

619.7 
931.7 
1077 
926.1 
752.8 
661.9 
661.9 
635.5 

756.7 
1076 



LINEUP PIPELINES 10/27/97 12:21 pm 0. ~ /a 4 9-42 
PIPELINE FROM TO 

AY 1 TK 241-AY-102 IP Discharge 
- Immersible Pmp - dP: (54.89) HL: (126.8) 

AY2 IP Discharge Transition 
AY3 Transition Siphon 
AY4 Siphon BP Suction 

AY 5 BP Suction BP Discharge 
---- FCP@350 -- dP: (143.3) HL: (331 .I) 

AY6 BP Discharge Nozzle U-2 
AY7 Nozzle U-2 Wall 
Buried Wall Nozzle 6 

c 1  Nozzle 6 Pivot 
c 2  Pivot Noz Trans 
c 3  Noz Trans Nozzle 
S I  . Siphon Siphon1 
52  Siphon Siphon2 

FLOW 
gpm 

379.4 

379.4 
379.4 
350 

350 

350 
350 
350 

350 
350 
350 
14.72 
14.72 

VEL 
Wsec 

16.48 

16.48 
9.57 
8.828 

15.2 

8.828 
8.828 
8.828 

8.828 
23.47 
130 

* 45.41 
* 45.41 

dP HL 
Psi ft 

(54.53) (126.5) 

2.727 5.299 
12.47 3.874 
6.145 4.106 

0.604 1.084 

2.865 1.888 
(0.242) 0.51 0 
47.48 144.6 

(5.283) 5.565 
10.03 26.51 
121 279.9 
39.33 90.85 
39.33 90.85 

PIPE-FLO ver 5.01 

H,W-2478 Rev. 0 

Calculation W320-27-048 PS 3 



Nozzle U-2 

AY3 

Transition 

AY2 

IP Discharge 

c1 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

PiVOt 

10/27/97 1219 pm 
Linelist: SN-05 
Lineup: 

flow rate: gp,m 
pressure: psis 

level & grade: ft 

c2 

Nor Trans 

EP Suction 1ay4 

Immersible Pmp 

AY 1 TK 241-AY-102 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

Created: 1011 5/97 1 1 :34 am 
Design file: 

Pipe Specs: 1 

NODE 

BP Discharge 

BP Suction 

IP Discharge 

Noz Trans 

Nozzle 

Nozzle 6 

Nozzle U-2 

Pivot 

Siphon 

Siphon1 

Siphon2 

TK 241-AY-102 

Transition 

Wall 

PIPE-FLO ver 5.01 

SYSTEM REPORT 

SYSTEM NODES 

ELEVATION PIPELINES IN 
ft 

672.34 

672.03 

636 

619.96 

619.71 

641.08 

677.07 

623.31 

661.94 

661.94 

661.94 

635.5 

637 

676 

AY5 

AY4 

AY 1 

c 2  

c 3  

Buried 

AY6 

c 1  

AY3 

S I  

s2 

AY2 

AY7 

10/27/97 12:19 pm 
System:SN-05 g-/s  6.f E-+> 
rev: 10/22/97 956  am 

H'k-2478, Rev. 0 

Calculation W320-27-048 

Pipes: 13 
Nodes: 14 

PumpslComps: 1 

PIPELINES OUT 

AY6 

AY5 

AY2 

c 3  

c 1  

AY7 

c 2  

AY4 
S I  
s 2  

AY 1 

AY3 

Buried 



PIPELINE 

AYI 02 
AY2 02 
AY3 02 
AY4 02 
AY5 02 

AY6 02 
AY7 02 
Buried 02 
c 1  02 
c 2  02 
c 3  02 
S I  02 
s 2  02 

SYSTEM PIPES 

SPEC FROM-NODE 

TK 241-AY-102 
IP Discharge 
Transition 

Siphon 
BP Suction 

BP Discharge 

Nozzle U-2 
Wall 
Nozzle 6 
Pivot 
Noz Trans 
Siphon 

Siphon 

TO-NODE 

IP Discharge 
Transition 
Siphon 
BP Suction 
BP Discharge 

Nozzle U-2 

Wall 
Nozzle 6 
Pivot 
Noz Trans 
Nozzle 
Siphon1 

Siphon2 

10/27/97 12:19 pm 6-17 ..c G- L-: 
PUMPICOMP 

Immersible Pmp 

PIPE-FLO ver 5.01 

MF-2478, Rev. 0 

Calculation W320-27-048 



PUMPICOMP 

Immersible Prnp 

PIPE-FLO ver 5.01 

SYSTEM COMPONENTS 

PERFORMANCE DATA 

gpm: 0 195 292 
ft: 145 138 133 
eqn: 145 - 0.00325666 Q 1.45285 

10/27/97 12:19 pm 
g-18 8-4' 

nyF-2470. Rev. 0 

Calculation W320-27-048 

370 
127 

486 
119 

PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
PIPELIST REPORT 

Created: 1011 5197 11 :34 am 
Design file: 

Pipe Specs: 1 

10/27/97 1220 pm 
System:SN-05 6-17 ..f 8-42. 
rev: 10/22/97 9:56 am 

Pipes: 13 
Nodes: 14 

PumpslComps: 1 

SPECIFICATIONS 

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch I Roughness Temp I Pres Vel / Pres 

02 SN-5%-Sch40S SSteel 5% solids Standard 0 - 20 Wsec 
rev: 10/21/97 1:02 pm Sch4OS 90 "F Standard -14.4 - 400 psi g 

0.0018 in 0 psi g 
Size for: 6 Wsec 

PIPE-FLO ver 5.01 

~$$-2478,, Rev. 0 

Calculation W320-27-048 



PIPELIST 10127I97 12:20 urn 

PIPELINE 

AY 1 

AY2 

AY3 

AY4 

AY 5 

AY6 

AY 7 

Buried 

C1 

c 2  

c 3  

SI 

s2  

PIPE-FLO ver 5.01 

SPEC 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

02 

MATERIAL 
Size I Sch 

SSteel 
3 in I40S 
SSteel 
3 in I40S 

SSteel 
4 in I40S 
S t e e l  
4 in I40S 

SSteel 
3 in 140s 
SSteel 
4 in 1 40s 
SSteel 
4 in 140s 
SSteel 
4 in I40S 
SSteel 
4 in I40S 
SSteel 
2.5 in I405 
SSteel 
1 in 140s 
SSteel 
0.25 in I40S 

SSteel 
0.25 in I40S 

LENGTH 
ft 

1 

2 

20 

19 

3 

7.1 

1.5 

1718 

26 

4 

0.25 

0.02 

0.02 

FLUID 
Temp I Pres 

5% solids 
90 "FIO psi g 
5% solids 
9O"FI 0 psi g 
5% solids 
90 "F I O  psi g 
5% solids 
90 'F I O  psi g 
5% solids 
90 "F 1 0  psig 
5% solids 
90 "FIO psi g 
5% solids 
90 "F I O  psi g 
5% solids 
90 "F IO psi g 
5% solids 
90 "F I O  psi g 
5% solids 
90 "F I O  psi g 
5% solids 
90 "F I 0 psi g 
5% solids 
90 "F IO psi g 
5% solids 
90 "FIO psi g 

HNF-2478. Rev. 0 

Calculation W320-27-048 

8-26 "4 g-4: 
VALVES 
Total-K 

0 

1.094 

1.465 

2.183 

0.05435 

1 .I 08 

0.326 

9.896 

2.943 

2.69 

1 

2.81% 

2.818 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 1 1 :34 am 

by: K Hayase 

Design file: 
Pipe Specs: 1 

PIPELINE SPEC 

AY 1 02 

AY2 02 

AY3 02 

AY4 02 

AY5 

AY6 

AY 7 

Buried 

c 1  

c 2  

c 3  

s1  

s2  

02 

02 

MATERIALS REPORT 

lOl27l97 12:20 pm 
System: SN-05 &-  2 \ 4 8 - 
rev: 10122197 956  am 

Pipes: 13 
Nodes: 14 

PumpslComps: 1 

PIPE MATERIALS LIST 

MATERIAL LENGTH VALVES & FITTINGS 
Size / Sch ft 

SSteel 1 
3 in I40S 

SSteel 2 3-Elbow Short - rld 1 Q 90" 
3in140S 1-Reducer Enlargement 4 X 3 

SSteel 20 4-Elbow Short - rld 1 Q 90" 
4in140S 1-Elbow Long - r/d 1.5 Q 45" 

SSteel 19 2-Elbow Short - rld 1 Q 90" 
4 in l40S  4-Elbow Long - r/d 1.5 Q 90" 

1 -Reducer Contraction 4 X 3 
1-Fixed K 0.5 

SSteel 3 1-Reducer Enlargement 4 X 3 
3in140S 

&tee1 7.1 2-Elbow Long - rld 1.5 Q 90' 
4in140S 1-Elbow Short - rld 1 Q 90" 

1-Tee Flow Thru Run 

SSteel 1.5 1-Elbow Short - r/d 1 Q 90" 
4in140S 

SSteel 1718 19-Pipe Bend r/d 10 Q 90" 
4in140S 2-Pipe Bend rld 10 Q 45" 

SSteel 26 2-Elbow Short - r/d 1 Q 90" 
4 in l 40S  5-Elbow Long - r/d 1.5 Q 90" 

2-Elbow Short - r/d 1 Q 45" 
1 -Reducer Contraction 4 X 2.5 

SSteel 4 2-Elbow Short - rld 1 Q 90" 
2.5 in I40S 1-Reducer Contraction 2.5 X 1 

SSteel 0.25 I-Exit Sharp-Edged 
1 in l40S 

SSteel 0.02 1-Tee Flow Thru Branch 
0.25 in 140s 1-Exit Sharp-Edged 

SSteel 0.02 1-Tee Flow Thru Branch 

PIPE-FLO ver 5.01 

HdF-2478. Rev. 0 

Calculation W320-27-048 



PIPELINE 

PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES & FITTINGS 

10/27/97 12:20 pm 
4-21 e C 8 - L :  

Size / Sch ft 

0.25 in I40S 1-Exit Sharp-Edged 

PIPE-FLO ver 5.01 

tjt$F-2478. Rev. 0 

Calculation W320-27-048 PS 2 



PIPE SUMMARY 

PIPE MATERIAL SCHEDULE SIZE 

SSteel 40s 0.25 in 
1 in 
2.5 in 
3 in 

4 in 

10/27/97 12:20 pm 
8-23 ..c 5- 4 ,  

LENGTH 

0.04 ft 
0.25 ft 

4 f t  
6 f t  

1791.6ft 

VALVE & FITTING SUMMARY 

SPECIFICATION MATERIAL SCHEDULE VALVES & FITTINGS 

02 SN-5%-Sch40S SSteel 40s 

Size: 0.25 in 2-Tee Flow Thru Branch 
2-Exit Sharp-Edged 

PIPE-FLO ver 5.01 

Size: 1 in 

Size: 2.5 in 

Size: 3 in 

Size: 4 in 

1-Exit Sharp-Edged 

2-Elbow Short - r/d 1 Q 90" 

1-Reducer Contraction 2.5 X 1 

3-Elbow Short - r/d 1 Q 90" 
2-Reducer Enlargement 4 X 3 

IO-Elbow Short - r/d 1 Q 90" 
I-Elbow Long - dd 1.5 Q 45' 
1 I-Elbow Long - r/d 1.5 Q 90" 

I-Reducer Contraction 4 X 3 
1-Fixed K 0.5 

I-Tee Flow Thru Run 
19-Pipe Bend r/d 10 Q 90" 

2-Pipe Bend r/d 10 Q 45" 
2-Elbow Short - r/d 1 Q 45' 

<-Reducer Contraction 4 X 2.5 

~ & - 2 . ~ a .  8ev. 0 

Calculation W320-27-048 PSI 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

L l  I 1  I I I I I I 
260.5 

PIPELINE REPORT 
Buried rev: 10/22/97 9:56 am 

48.35 
73.88 -aQ- 

103.4 .160- 

136.8 

PIPING MATERIAL: SSteel 
Schedule: 405 

abs roughness: 0,0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

LENGTH: 1718 ft 
ELEVATION in: 676 ft 

out: 641.08 ft 

215.4 920- 

Flow 
gPm 
350 
0 

66.08 
132.2 
198.2 
264.3 
330.4 
396.5 

462.5 
528.6 
594.7 
660.8 

726.9 
792.9 

ffP 

.0232 

.oooo 
,0340 
,0285 
.0260 

.0245 
,0235 
,0227 

,0221 
,0217 
,0213 
,0209 

,0206 
.0204 

VALVE I FITTING 
Pipe Bend dd 10 90" 

FFT: 0,.0163 

PIPE-FLO ver 5.01 

Vel 
Wsec 
8.828 
0 
1.667 
3.333 
5 
6.667 

8.333 
i o  
11.67 
13.33 
15 
16.67 

18.33 
20 

10/27/97 12:24 pm 
System: SN-05 
rev: 1 0/22/97 9:56 am 

& -2 9 of 5- L z 

SPECIFICATION: SN-5%-Sch40S 
SIZING Criteria: 6 Wsec 
LIMITS Velocity: 0 to 20 Wsec 

Pressure: -14.4 to 400 psi g 
FLUID 5% solids at tmp: 90 "F 

pres: 0 psi g 
den: 66.1 1 IblfP 
vsc: 7.12 cpois 

Re 
1 06 

lo5 

1 o4 

' 103 

1 02 

HNF-2478. Rev..O 
__.-_.-.n n-.. n 

Calculation W320-27-048 
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WF-2478, Rev. 0 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SN-05 
rev: 10122/97 956 am 

10127197 12:21 pm 
Lineup:SN-05 g - 2 6  -4 & -.! 
rev: 10127197 1220 pm 

Deviation: 0.000276 % 
after: 8 iterations 

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

LINEUP SUMMARIES 

PIPELINE 

c 3  
s 1  
s 2  
AY 1 

PIPE-FLO ver 5.01 

FLOW PRESSURE SET LEVEL 
gPm SOURCE psi ft 

>>> 350 Nozzle 0 0 
>>> 14.7 Siphon1 0 0 
>>> 14.7 Siphon2 0 0 
c<< 379.4 TK 241-AY-I02 0 0 

Flows IN: 379.4 gpm 
Flows OUT: 379.4 gpm 

NET FLOWS: 0 gpm 

HFJF-2478, Rev. 0 

Calculation W320-27-048 



NODE 

BP Discharge 
BP Suction 
IP Discharge 
Noz Trans 

Nozzle 
Nozzle 6 
Nozzle U-2 
Pivot 
Siphon 
Siphon1 

Siphon2 
TK 241-AY-102 
Transition 
Wall 

PIPE-FLO ver 5.01 

LINEUP NODES 

ELEVATION DEMAND 
ft w m  

672.34 
672.03 
636 
619.96 

619.71 
641.08 * 

677.07 
623.31 
661.94 
661.94 
661.94 
635.5 
637 
676 

10/27/97 12:21 pm 
8-27 o f  6-42 

PRESSURE H GRADE 
Psi 9 ft 

I 92  
35.02 

57.79 
128.5 

0 (source) 
133.7 
188.9 
139.2 
41.59 
0 (source) 

0 (source) 
0 (source) 
54.88 
189.2 

HMF-2478, Rev. 0 

Calculation W320-27-048 

1091 
748.3 

761.9 
900 

619.7 
932.4 
1089, 
926.7 
752.6 
661.9 
661.9 
635.5 
756.6 
1088 



PIPELINE FROM 

LINEUP PIPELINES 

TO 

AY 1 TK 241 -AY-102 IP Discharge 
--Immersible Pmp - dP: (58.19) HL: (126.8) 

AY2 IP Discharge Transition 
AY3 Transition Siphon 

AY4 Siphon BP Suction 
AY5 BP Suction BP Discharge 

AY6 BP Discharge Nozzle U-2 
AY7 Nozzle U-2 Wall 
Buried Wall Nozzle 6 
c 1  Nozzle 6 Pivot 
c 2  Pivot Noz Trans 
c 3  Noz Trans Nozzle 
s 1  Siphon Siphon1 
s2 Siphon Siphon2 

- FCP@350 dP: (157.6) H L  (343.6) 

PIPE-FLO ver 5.01 

FLOW 
w m  

379.4 

379.4 
379.4 
350 

350 

350 
350 
350 
350 
350 

350 
14.7 
14.7 

10/27/97 12:21 pm 
g-22 048- L;: 

VEL 
Wsec 

16.48 

16.48 
9.569 

8.828 
15.2 

8.828 
8.828 
8.828 

8.828 
23.47 
130 
45.35 
45.35 

H6F-2.478, Rev. 0 

Calculation W320-27-048 

dP 
Psi 9 

(57.79) 

2.91 I 
13.29 

6.571 
0.669 

3.058 
(0.252) 
55.51 

(5.522) 
10.72 
128.5 
41.59 
41.59 

HL 
fi 

(1 26.4) 

5.345 
4.021 

4.231 
1.147 

1.934 
0.520 
155.9 
5.736 
26.72 

280.2 
90.64 

90.64 

PS 3 



Nozzle U-2 

e- $1 

Siphon1 

4) 

0 

AY4 

52 

Sip'ron Siphon2 
-0 

AY3 

Transition 

1 

pivot 

c 2  

NOL Trans 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

4 BP Suction 

10/27/97 1221 pm 
Linelist: SN-10 
Lineup: 

flow rate: gpm 

I Version: PIPE-FLO ver 5.01 
pressure: psig 

level & grade: ft 



Company: Fluor Daniel Northwest 
Proiect: W-320 

by: K Hayase 
SYSTEM REPORT 

Created: 1011 5/97 11 :34 am 
Design file: 

Pipe Specs: 1 

NODE 

BP Discharge 

BP Suction 

IP Discharge 

Noz Trans 

Nozzle 

Nozzle 6 

Nozzle U-2 

Pivot 

Siphon 

ELEVATION 
ft 

672.34 

672.03 

636 

619.96 

619.71 

641.08 

677.07 

623.31 

661.94 

SYSTEM NODES 

PIPELINES IN 

AY5 

AY4 

AY 1 

c 2  

c 3  

Buried 

AY6 

c 1  

AY3 

Siphon1 661.94 s 1  

Siphon2 661.94 s 2  

TK 241-AY-102 635.5 

Transition 637 

Wall 676 

AY2 

AY 7 

10/27/97 12:21 pm 
System:SN-10 5-30 o f  g- L p  
rev: 10/22/97 9:57 am 

Pipes: 13 
Nodes: 14 

Pumps/Comps: 1 

PIPELINES OUT 

AY6 

AY5 

AY2 

c 3  

c 1  

AY7 

c 2  

AY4 
51 
52 

AY 1 

AY3 

Buried 

PIPE-FLO ver 5.01 

HNF-2478, Rev. 0 

Calculation W320-27-048 



PIPELINE 

AY1 03 
AY2 03 

AY3 03 
AY4 03 
AY5 03 
AY6 03 

AY7 03 
Buried 03 
C1 03 
C2 03 
C3 03 
S1 03 
52 03 

PIPE-FLO ver 5.01 

SYSTEM PIPES 

SPEC FROM-NODE 

TK 241-AY-102 
IP Discharge 
Transition 

Siphon 
BP Suction 

BP Discharge 
Nozzle U-2 
Wall 
Nozzle 6 
Pivot 
Noz Trans 
Siphon 

Siphon 

TO-NODE 

IP Discharge 
Transition 

Siphon 
BP Suction 
BP Discharge 

Nozzle U-2 
Wall 
Nozzle 6 

Pivot 
Noz Trans 
Nozzle 

Siphon1 
Siphon2 

10/27/97 12:21 pm g-3) ..f 3-q-& 
PUMP/COMP 

~ ~ ~ - 2 4 7 8 ,  REV. o 

Calculation W320-27-048 

Immersible Pmp 



PUMPICOMP 

Immersible Pmp 

PIPE-FLO ver 5.01 

SYSTEM COMPONENTS 

PERFORMANCE DATA 

gpm: 
n: 
eqn: 

0 195 292 
145 138 133 
145 - 0.00325666 Q 1.45285 

10/27/97 1221 pm 
8.32 o f  9-41: 

HblF-2478, Rev. 0 

Calculation W320-27-048 

370 
127 

486 
119 

PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 10115197 11 :34 am 

by: K Hayase 

Design tile: 
Pipe Specs: 1 

PIPELIST REPORT 

SPECIFICATION 

SPECIFICATIONS 

PIPE MATERIAL FLUID 
Sch I Roughness Temp I Pres 

03 SN-IO%-Sch40S SSteel 
rev: 10/21197 1:03 pm Sch 40s 

0.0018 in 
Size for: 6 Wsec 

PIPE-FLO ver 5.01 

10% solids 
90 “F 
0 psi g 

10/27197 1221 pm 
System: SN-IO 
rev: I0122197 9:57 am 

6-35 o f  8 - 4:. 
Pipes: 13 

Nodes: 14 
PumpslComps: 1 

VALVE TABLE DESIGN LIMITS 
Vel I Pres 

Standard 
Standard 

HNF-2478. Rev. 0 

Calculation W320-27-048 

0 - 20 Wsec 
-14.4 - 400 psi g 



PIPELINE 

AY 1 

AY2 

AY3 

AY4 

AY5 

AY6 

AY7 

Buried 

c 1  

c 2  

c 3  

S I  

s 2  

PIPE-FLO ver 5.01 

SPEC 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

PIPELIST 

MATERIAL 
Size I Sch 

SSteel 
3 in I40S 
SSteel 
3 in I 4 0 5  
SSteel 
4 in I40S 
SSteel 
4 in I40S 
SSteel 
3 in I405  
SSteel 
4 in I40S 

SSteel 
4 in I40S 
SSteel 
4 in I40S 
SSteel 
4 in I40S 
SSteel 
2.5 in I40S 
SSteel 
1 in I40S 
SSteel 
0.25 in I40S 

SSteel 
0.25 in I40S 

LENGTH 
n 
1 

2 

20 

19 

3 

7.1 

1.5 

1718 

26 

4 

0.25 

0.02 

0.02 

iOI27I97 12:21 pm 
6-34 ,.c k-5: 

FLUID 
Temp I Pres 

10% solids 
90 " F I  0 psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "F IO psi g 
10% solids 
90 "F I O  psi g 
10% solids 
90 "F I O  psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 " F I  0 psi g 
10% solids 
90 "F I 0 psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "F IO psi g 
10% solids 
9O"FIOpsig 
10% solids 
90 "F I O  psi g 

HNF-2478, pev. 0 

Calculation W320-27-048 

VALVES 
Total-K 

0 

1.094 

1.465 

2.1 83 

0.05435 

1.108 

0.326 

9.896 

2.943 

2.69 

1 

2.818 

2.818 

PS 2 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
MATERIALS REPORT 

Created: 1011 5/97 11 :34 am 
Design file: 

Pipe Specs: 1 

PIPELINE 

AY 1 

AY2 

AY3 

AY4 

AY5 

AY6 

AY7 

Buried 

C i  

c 2  

c 3  

Si  

s2  

SPEC 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

03 

PIPE MATERIALS LIST 

MATERIAL 
Size./ Sch 

SSteel 
3 in I40S 

SSteel 
3 in / 40s 

SSteel 
4 in I40S 

SSteel 
4in140S 

SSteel 
3 in / 40s 

SSteel 
4in140S 

SSteel 
4 in I40S 

SSteel 
4 in I40S 

SSteel 
4in140S 

SSteel 
2.5 in I405  

SSteel 
1 in I40S 

SSteel 
0.25 in I405  

SSteel 

10/27/97 12:22 pm 
S y s t e m : S ~ - i ~  &-35 ,[ >- 4': 
rev: 10/22/97 9:57 am 

Pipes: 13 
Nodes: 14 

PumpslComps: 1 

LENGTH 
ft 

1 

2 

20 

19 

3 

7.1 

1.5 

1718 

26 

4 

0.25 

0.02 

0.02 

VALVES 8 FITTINGS 

3-Elbow Short - rld 1 Q 90" 
I-Reducer Enlargement 4 X 3 

4-Elbow Short - r/d 1 Q 90" 
I-Elbow Long - rld 1.5 Q 45" 

2-Elbow Short - dd 1 Q 90" 
.(-Elbow Long - r/d 1.5 Q 90" 
1-Reducer Contraction 4 X 3 
1-Fixed K 0.5 

1-Reducer Enlargement 4 X 3 

2-Elbow Long - r/d 1.5 Q 90" 
1-Elbow Short - r/d 1 Q 90" 
l-Tee Flow Thru Run 

1 -Elbow Short - rld 1 Q 90" 

19-Pipe Bend r/d 10 Q 90" 
2-Pipe Bend rld 10 Q 45' 

2-Elbow Short - rld 1 Q 90" 
5-Elbow Long - rld 1.5 Q 90" 
2-Elbow Short - r/d I Q 45" 
1 -Reducer Contraction 4 X 2.5 

2-Elbow Short - r/d 1 Q 90" 
l-Reducer Contraction 2.5 X 1 

I-Exit Sharp-Edged 

l-Tee Flow Thru Branch 
I-Exit Sharp-Edged 

1 -Tee Flow Thru Branch 

PIPE-FLO ver 5.01 
HllJF-2478, Rev. 0 

Calculation W320-27-048 



PIPELINE 

PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES & FITTINGS 

10127l97 12:22 pm 
g-3co"- L, 

Size I Sch n 
0.25 in I40S I-Exit Sharp-Edged 

PIPE-FLO ver 5.01 
HhF-2478, Rev. 0 

Calculation W320-27-048 



PIPE SUMMARY 

PIPE MATERIAL SCHEDULE SIZE 

SSteel 40s 0.25 in 
1 in 
2.5 in 
3 in 
4 in 

10/27/97 12:22 pm 
8-37 5- t; LENGTH 

0.04 n 
0.25 n 
4 n  
6 f t  
1791.6ft 

VALVE & FITTING SUMMARY 

SPECIFICATION MATERIAL SCHEDULE VALVES & FITTINGS 

03 SN-lO%-Sch40S SSteel 40s 

Size: 0.25 in 2-Tee Flow Thru Branch 
2-Exit Sharp-Edged 

Size: 1 in I-Exit Sharp-Edged 

Size: 2.5 in 

Size: 3 in 

Size: 4 in 

2-Elbow Short - r/d 1 Q 90" 

I-Reducer Contraction 2.5 X 1 

3-Elbow Short - r/d 1 Q 90" 
2-Reducer Enlargement 4 X 3 

IO-Elbow Short - r/d 1 Q 90' 

I-Elbow Long - r/d 1.5 Q 45" 
1 I-Elbow Long - r/d 1.5 Q 90" 
I-Reducer Contraction 4 X 3 
1 -Fixed K 0.5 
I-Tee Flow Thru Run 
19-Pipe Bend r/d 10 @ 90" 
2-Pipe Bend r/d 10 Q 45" 
2-Elbow Short - r/d 1 Q 45" 

I-Reducer Contraction 4 X 2.5 

PIPE-FLO ver 5.01 

HNF-2478, Rev. 0 
Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

PIPING MATERIAL SSteel 
Schedule: 40s 

abs roughness: 0.0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

LENGTH: 1718ft 
ELEVATION in: 676 ft 

out: 641 .08 n 

Flow 

350 
0 
66.08 
132.2 
198.2 
264.3 
330.4 
396.5 
462.5 
528.6 

594.7 
660.8 

726.9 
792.9 

w m  
ffP 

.0253 

.oooo 
,0383 
,031 7 
,0287 
.0269 
,0256 
,0247 
.0239 
,0233 

.0228 
,0224 

,0221 
,0217 

VALVE / FITTING 

Vel 
Wsec 
8.828 
0 
1.667 
3.333 
5 
6.667 
8.333 
10 
11.67 
13.33 
15 
16.67 

18.33 
20 

Pipe Bend r/d I O  90" 

FFT: 0.0163 

PIPE-FLO ver 5.01 

dP 
psi 
64.77 
-16.93 
-1 2.62 
-2.541 
12.55 
32.35 
56.69 
85.47 
118.6 
156 
197.7 
243.6 

293.6 
347.8 

PIPELINE REPORT 
Buried rev: 10/22/97 7:42 am 

10/27/97 12:24 pm 
System: SN-10 b-32 b-f h - i r .  
rev: 10/22!97 957 am 

SPECIFICATION: SN-I O%-Sch40S 
SIZING Criteria: 6 Wsec 
LIMITS Velocity: 0 to 20 Wsec 

FLUID 10% solids at tmp: 90 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 69.85 Ib/ff 
vsc: 11.57 cpois 

PIPELINE RESISTANCE CURVE 

19@0.489 

TOTAL K: 9.896 

Re 
1 06 

lo5 

1 o4 

lo3 

1 02 

L I  I i I I I I I I 
80 160 240 320 400 480 550 640 720 gpm 

VALVES and FITTINGS 
K-VALUE VALVE / FITTING 

Pipe Bend rld 10 45" 

Avg Percent of Total Loss: 7 % 

HNF-2478. Rev. 0 

Calculation W320-27-048 

K-VALUE 
2@0.3027 



c m d C  O s & :  0 

i 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SN-10 
rev: 10/22/97 9 5 7  am 

10/27/97 12:22 pm ~ ~ 

Lineup: SN-10 
rev: 10/27/97 12:22 pm 

0 -73 0.f  5 -b.- 

Deviation: 0.000307 O h  

after: 8 iterations 

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

LINEUP SUMMARIES 

PIPELINE 

C3 
s 1  
52 
AY 1 

PIPE-FLO ver 5.01 

PRESSURE 
SOURCE 

SET 
Psi 9 

Nozzle 0 
Siphon1 0 

Siphon2 0 
TK 241 -AY-102 0 

Flows IN: 379.3 gpm 
Flows OUT: 379.3 gpm 

NET FLOWS: 0 gpm 

HNF-2478. Rev. 0 

Calculation W320-27-048 

LEVEL 
ft 

0 

0 
0 
0 



NODE 

BP Discharge 
BP Suction 
IP Discharge 
Noz Trans 

Nozzle 
Nozzle 6 
Nozzle U-2 
Pivot 
Siphon 
Siphon1 
Siphon2 
TK 241-AY-102 
Transition 
Wall 

PIPE-FLO ver 5.01 

LINEUP NODES 

ELEVATION DEMAND 
ft gpm 

672.34 
672.03 
636 
619.96 

619.71 
641.08 
677.07 
623.31 
661.94 
661.94 

661.94 
635.5 
637 
676 

10/27/97 1222 pm 
8.4, of 6-42 

PRESSURE 
psi g 

209.4 
36.81 
61.04 
136 

0 (source) 
141.7 
206.2 
147.4 
43.82 
0 (source) 
0 (source) 
0 (source) 
57.94 
206.4 

HNF-2476, Rev. 0 

Calculation W320-27-048 

H GRADE 
ft 

1104 
748 

761.9 
900.4 

619.7 
933.3 
1102 
927.4 
752.3 
661.9 
661.9 
635.5 
756.5 
1102 



LINEUP PIPELINES 10127197 12:22 pm 
5-42 o f  

PIPELINE FROM TO 

AY 1 TK 241-AY-102 IP Discharge 
- Immersible Pmp - dP: (61.48) HL: (126.8) 

AY2 IP Discharge Transition 
AY3 Transition Siphon 
AY4 Siphon BP Suction 

AY5 BP Suction BP Discharge 

AY6 BP Discharge Nozzle U-2 

AY7 Nozzle U-2 Wall 
Buried Wall Nozzle 6 

c 1  Nozzle 6 Pivot 

c2 Pivot Noz Trans 
c3 Noz Trans Nozzle 
S I  Siphon Siphon1 
52 Siphon Siphon2 

-- FCPa350 dP: (173.4) HL: (357.6) 

FLOW 
w m  

379.3 

379.3 
379.3 
350 
350 

350 

350 
350 

350' 
350 
350 
14.67 
14.67 

VEL 
Wsec 

16.48 

16.48 
9.568 
8.828 

15.2 

8.828 

8.828 
8.828 
8.828 

* 23.47 
* 130 
* 45.28 
* 45.28 

dP HL 
Psi 9 n 
(61.04) (126.4) 

3.1 02 5.398 
14.12 4.1 87 
7.01 4.371 

0.741 1.22 

3.256 1.987 
(0.261) 0.531 
64.77 168.5 
(5.741) 5.927 
11.45 26.96 
136 280.7 
43.82 90.39 
43.82 90.39 

PIPE-FLO ver 5.01 

HNF-2470, Rev. 0 

Calculation W320-27-048 PS 3 



Calc. No.: W320-27-048 FLUOR DANIEL 
NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS P a g e N o . : L - O o f C ' 5 6  

Client: Nurnatec WONob No.: E09141hV-320 
Subject: SlurrylSupernate Hydraulic Analysis Date: By. Kelly Hayase 

Checked: 3,)s ,l 92 By: I.' 6 / 
Location: 241 -Cl241-AY Revised: By: 

APPENDIX C 

Pipe-Flo Results SL-00 Page C- I  
Pipe-Flo Results SL-10 Page C-I5 
Pipe-Flo Results SL-20 Page C-29 
Pipe-Flo Results SL-30 Page 12-43 

HNF-2478, Rev. 0 

FDNW CALCULATION SHEm HM)RO.WPD 



Micra In 

Micro-0% . 

Micro Out 

C4 

,) BP Suction 

c3 

0 Transition 

c2  

IP Discharge 

0 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

BP Discharge I c5 

10/27/97 1229 pm 
Linelist: SL-00 
Lineup: 

flow rate: gp,m 
pressure: psig 

level 8 grade: ft 

Immersible Pmp '-.-.L@ 
Tank 241-C-106 

Distributor i- 
Siphon i 

TN2 
Top -0 Nor2 

I ~3 

n 
I 

a 
0- -_ I - - EN2 BN1 BN3 BN4 

Bot Nor1 Bot1 Bot Bot2 Bot No22 Cn 
b\ 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
SYSTEM REPORT 

Created: 1011 5/97 10:22 am 
Design file: 

Pipe Specs: 2 

NODE 

Bot 

Bot Nozl 

Bot No22 

Bot1 

Bot2 

BP Discharge 

BP Suction 

Distributor 

IP Discharge 

Micro In 

Micro Out 

Nozzle 9 

Nozzle U-11 

Siphon 

Tank 241-C-106 

TOP 

Top Nozl 

Top No22 

Transition 

PIPE-FLO ver 5.01 

SYSTEM NODES 

ELEVATION PIPELINES IN 
ft 

635.49 D3 

635.49 

635.49 

635.49 

635.49 

639.42 

639.11 

673.59 

608.5 

674.77 

674.77 

642.26 

676.05 

665.49 

608 

636.14 

BN2 

BN4 

BN1 

BN3 

c 4  

c 3  

AY3 

c 1  

AY 1 

AY2 

c5 

Buried 

D1 

D2 

636.14 TNI 

636.14 TN2 

609 c 2  

.HNF-2478, Rev. 0 

Calculation W320-27-048 

10/27/97 12:29 pm 
System: SL-OO 
rev: 10/22/97 9:43 am 

C - 7- 0 f 6 - 5 2 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

PIPELINES OUT 

BN1 
BN3 

BN2 

BN4 

c 5  

c 4  

D1 

c 2  

AY2 

AY3 

Buried 

AY 1 

D2 

c 1  

D3 
TNl 
TN2 

c 3  



PIPELINE 

AY 1 
AY2 

AY3 
EN1 
EN2 
BN3 

BN4 
Buried 
c 1  01 
c 2  01 
c 3  01 
c 4  01 
c 5  01 
D1 02 

D2 02 
D3 02 
TNI 02 
TN2 02 

PIPE-FLO ver 5.01 

SPEC 

01 
01 
01 
02 
02 
02 

02 
01 

SYSTEM PIPES 

FROM-NODE 

Nozzle U-I 1 
Micro In 
Micro Out 
Bot 
Botl 
Bot 

Bot2 
Nozzle 9 
Tank 241-C-106 
IP Discharge 
Transition 
BP Suction 
BP Discharge 
Distributor 

Siphon 

TOP 

TOP 
TOP 

TO-NODE 

Micro In 
Micro Out 
Distributdr 
Botl 
Bot Nozl 
BOD 

Bot No22 
Nozzle U-I 1 
IP Discharge 
Transition 
BP Suction 
BP Discharge 
Nozzle 9 
Siphon 

TOP 
Bot 
Top Nozl 
Top No22 

6 - 3  . f c -  5- 10/27/97 12:29 pm 

PUMPICOMP 

Micro-0% 

Immersible Prnp 

HNF-2478, Rev. 0 

Calculation W320-27-048 



SYSTEM COMPONENTS 10/27/97 12:29 pm 
c-4 o f  c-56 PUMPICOMP PERFORMANCE DATA 

Immersible Pmp gpm: 0 195 292 370 486 
ft: 145 138 133 127 119 
eqn: 145 - 0.00325666 Q A 1.45285 

Micro-0% Ib/hr: 0 3000 180000 300000 
PSI: 0 0.003 5 14 
eqn: 1.33662e-009 Q A 1.82583 

PIPE-FLO ver 5.01 

,HblF-2478, RW. 0 

Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 10/27/97 12:29 pm 

rev: 10/22/97 9:43 am 
Project: W-320 S y s t e r n : ~ ~ - ~ ~  C -5 .f C-5 : 

Created: 1 O / i  5/97 10:22 am 

by: K Hayase 
PIPELIST REPORT 

Pipes: 18 
Design file: Nodes: 19 

Pipe Specs: 2 Purnps/Comps: 2 

SPECIFICATIONS 

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch / Roughness Temp / Pres Vel / Pres 

01 SL-O0h-Sch4OS SSteel 0% solids Standard 0 - 20 Wsec 
rev: 10/21/97 11:58 am Sch 40s 60 "F Standard -14.4 - 400 psi g 

0.0018 in 0 psi g 
Size for: 6 Wsec 

02 SL-O%-SchSOS SSteel 0% solids 
rev: 10/21/97 11:58 am Sch 80s  60 "F 

0.0018 in 0 psi g 
Size for: 6 Wsec 

Standard 0 - 20 Wsec 
Standard -1 4.4 - 400 psi g 

PIPE-FLO ver 5.01 

iHNF-2478,.&, 0 

Calculation W320-27-048 



PIPELINE 

AY 1 

AY2 

AY3 

EN1 

EN2 

EN3 

BN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c 5  

D1 

D2 

D3 

TN1 

TN2 

PIPE-FLO ver 5.01 

SPEC 

01 

01 

01 

02 

02 

02 

02 

01 

01 

01 

01 

01 

01 

02 

02 

02 

02 

02 

PIPELIST 

MATERIAL 
Size I Sch 

SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
4 in I40S 
SSteel 
4 in I80S  
SSteel 
2 in I80S 
SSteel 
4 in I80S 
SSteel 
2 in I 8 0 5  
SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
3 in I40S 
SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
4 in I40S 

SSteel 
4 in I80S 

SSteel 
4 in I80S 
SSteel 
4 in 180s 
SSteel 
2 in 180s 
SSteel 
2 in I80S 

LENGTH 
ft 

2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

8.1 

29.4 

0.6 

0.5 

0.5 

10/27/97 12:29 pm 
c-6 0.c c-sg 

FLUID 
Temp I Pres 

0% solids 
60 " F I  0 psi g 
0% solids 
60 " F I O  psi g 
0% solids 
60 "F I 0 psi g 
0% solids 
60 "FIO psi g 
0% solids 
60 "FI  0 psi g 
0% solids 
60 "F I O  psi g 
0% solids 
60 "F I O  psi g 

0% solids 
60 "F I O  psi g 
0% solids 
60 'FIO psi g 
0% solids 
60 " F I O  psi g 
0% solids 
60 " F I  0 psi g 
0% solids 
60 "FIO psi g 
0% solids 
60 "FI  0 psi g 
0% solids 
60 OF/ 0 psi g 

0% solids 
60 'F I O  psi g 
0% solids 
60 'F I O  psi g 
0% solids 
60 "F IO psi g 
0% solids 
60 "F I O  psi g 

,HNF-2478, Rev. 0 
Calculation W320-27-048 

VALVES 
Total-K 

0.6725 

1.797 

1.206 

3.058 

1 

3.058 

4 

10.87 

0 

1.094 

2.92 

0.05435 

1.565 

0 

0 

0.6594 

2.158 

2.158 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 10:22 am 

by: K Hayase 
MATERIALS REPORT 

Design file: 
Pipe Specs: 2 

PIPELINE 

AY 1 

AY2 

AY3 

EN1 

EN2 

BN3 

BN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c 5  

PIPE-FLO ver 5.01 

SPEC 

01 

01 

01 

02 

02 

02 

02 

01 

01 

01 

01 

01 

01 

PIPE MATERIALS LIST 

MATERIAL 
Size / Sch 

SSteel 
4in140S 

SSteel 
3 in I40S 

SSteel 
4 in I40S 

SSteel 
4 in I 8 0 5  

SSteel 
2 in I80S 

SSteel 
4 in I80S 

SSteel 
2 in 180s 

SSteel 
4 in l 40s 

SSteel 
3 in l 40s 

SSteel 
3 in I40S 

SSteel 
4in140S 

SSteel 
3 in l40S  

SSteel 
4 in /40S 

10/27/97 12:29 pm 
 system:^^-^^ 6-7  & C-56 
rev: 10/22/97 9:43 am 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

LENGTH 
ft 

2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

VALVES 8 FITTINGS 

1 -Elbow Long - r/d 1.5 Q 90" 
I-Elbow Short - rld 1 Q 90" 
I-Reducer Contraction 4 X 3 

1 -Elbow Long - r/d 1.5 Q 90" 
I-Fixed K 1.5 
I-Reducer Enlargement 4 X 3 

I-Elbow Long - r/d 1.5 Q 90" 
3-Elbow Short - r/d 1 Q 90" 

I-Tee Flow Thru Branch 
I-Reducer Contraction 4 X 2 

1 -Exit Sharp-Edged 

I-Tee Flow Thru Branch 
I-Reducer Contraction 4 X 2 

I-Exit Sharp-Edged 

21-Pipe Bend r/d 10 Q 90" 
2-Pipe Bend r/d 10 Q 45" 

3-Elbow Short - r/d 1 Q 90" 
I-Reducer Enlargement 4 X 3 

6-Elbow Short - r/d 1 @ 90" 
3-Elbow Long - dd 1.5 Q 90" 
I-Elbow Long - r/d 1.5 Q 45' 
I-Reducer Contraction 4 X 3 

I-Reducer Enlargement 4 X 3 

4-Elbow Long - rld 1.5 Q 90" 
2-Elbow Short - r/d 1 Q 90" 

HNF-2478, Rev. 0 

Calculation W320-27-046 



PIPELINE 

D1 

D2 

D3 

TNI 

TN2 

PIPE-FLO ver 5.01 

PIPE MATERIALS LIST 10127/97 12:29 pm c -% w f  c- 5 ;  
SPEC MATERIAL LENGTH VALVES & FITTINGS 

Size I Sch n 
02 SSteel 8.1 

4 in I80S 

02 SSteel 
4 in 180s 

02 SSteel 
4 in 180s 

29.4 

0.6 

02 SSteel 0.5 
2 in 180s 

02 SSteel 0.5 
2 in 180s 

2-Tee Flow Thru Run 

I-Tee Flow Thru Branch 
1-Exit Sharp-Edged 

I-Tee Flow Thru Branch 
1-Exit Sharp-Edged 

nNF-2478, Rev. 0 

Calculation W320-27-048 



PIPE MATERIAL 

SSteel 

SSteel 

SPECIFICATION 

01 SL-O%-Sch40S 

02 SL-O%-SchBOS 

PIPE-FLO ver 5.01 

PIPE SUMMARY 

SCHEDULE SIZE 

40s 3 in 
4 in 

80s 2 in 
4 in 

10/27/97 12:29 prn 
c - 7  0.F  c-5g 

LENGTH 

11.5ft 
1776.5 ft 

I .34 ft 
39.1 ft 

VALVE 8 FITTING SUMMARY 

MATERIAL SCHEDULE VALVES & FITTINGS 

SSteel 40s 

Size: 3 in 

Size: 4 in 

SSteel 

Size: 2 in 

Size: 4 in 

1-Elbow Long - r/d 1.5 Q 90" 
I-Fixed K 1.5 
3-Reducer Enlargement 4 X 3 
3-Elbow Short - r/d 1 Q 90" 

9-Elbow Long - r/d 1.5 Q 90" 
12-Elbow Short - r/d 1 Q 90" 

2-Reducer Contraction 4 X 3 
21-Pipe Bend dd 10 Q 90" 
2-Pipe Bend r/d 10 Q 45" 
I-Elbow Long - r/d 1.5 Q 45" 

80s 

4-Exit Sharp-Edged 
2-Tee Flow Thru Branch 

2-Tee Flow Thru Branch 

2-Reducer Contraction 4 X 2 
2-Tee Flow Thru Run 

HNF-247%. eev. 0 

Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

PIPING MATERIAL: SSteel 
Schedule: 405 

abs roughness: 0.0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

LENGTH: 1718ft 
ELEVATION in: 642.26 ft 

out: 676.05 ft 

Flow ffP 
gpm 
350 ,0214 
0 .oooo 
66.08 ,0300 
132.2 ,0256 

198.2 ,0236 
264.3 ,0224 
330.4 ,0216 
396.5 ,0210 
462.5 ,0206 
528.6 ,0202 

594.7 ,0199 
660.8 ,0196 

726.9 ,0194 
792.9 ,0192 

VALVE I FITTING 
Pipe Bend r/d 10 90" 

FFT: 0.0163 

PIPE-FLO ver 5.01 

Vel dP 
ftfsec psi 
8.828 77.75 
0 14.63 

1.667 17.7 
3.333 25.24 
5 36.78 
6.667 52.18 
8.333 71.34 
10 94.22 
11.67 120.8 
13.33 151 
15 184.8 
16.67 222.3 

18.33 263.4 
20 308.1 

PIPELINE REPORT 
Buried rev: 10/22/97 9:17 am 

10/27/97 12:30 pm 
System: SL-00 
rev: 10/22/97 9:43 am 

L - o 04 c -5:  

SPECIFICATION: SL-Ooh-Sch40S 
SIZING Criteria: 6 ftfsec 
LIMITS Velocity: 0 to 20 ftfsec 

FLUID 0% solids at tmp: 60 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 62.37 Ib/W 
vsc: 4.16 cpois 

PIPELINE RESISTANCE, CURVE 
psi I 1 1 

VALVES and FITTINGS 
K-VALUE VALVE / FITTING 

21aO.489 

TOTAL K: 10.87 

Pipe Bend r/d 10 45" 

Avg Percent of Total Loss: 9 % 

HNF-2478, Rev. 0 

Calculation W320-27-048 

Re 
1 06 

1 o5 

104 

1 o3 

1 02 

K-VALUE 
2a0.3027 



zs 

HNF-2478. Rev. 0 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SL-00 
rev: 10122l97 9:43 am 

10127197 12:30 pm 
Lineup:SL-OO c-11 0 . f  ~ - 5 2  
rev: 10127197 12:30 pm 

Deviation: 0.0067 % 
after: 4 iterations 

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

LINEUP SUMMARIES 

PIPELINE 

BN2 
BN4 

c 1  
TNI 
TN2 

PIPE-FLO ver 5.01 

FLOW 
gpm 

PRESSURE 
SOURCE 

SET 
Psi 

Bot Nozl 0 
Bot No22 0 
Tank 241-C-106 0 
Top Nozl 0 
Top Noz2 0 

Flows IN: 350 gpm 
Flows OUT: 350 gpm 

NET FLOWS: 0 gpm 

HNF-2478, Rev. 0 

Calculation W320-27-048 

LEVEL 
ft 

0 
0 

0 
0 

0 



NODE 

Bot 
Bot Nozl 
Bot Noz2 
Bot1 

Bot2 
BP Discharge 
BP Suction 
Distributor 
IP Discharge 
Micro In 

Micro Out 
Nozzle 9 
Nozzle U-1 1 
Siphon 
Tank 2414-106 
TOP 
Top Nozl 
Top No22 
Transition 

PIPE-FLO ver 5.01 

LINEUP NODES 

ELEVATION DEMAND 
ft gpm 

635.49 
635.49 
635.49 
635.49 
635.49 
639.42 
639.1 1 
673.59 
608.5 
674.77 
674.77. 
642.26 
676.05 
665.49 
608 
636.14 
636.14 
636.14 
609 

10/27/97 12:30 pm 
C - 1 3  .f C-5; 

PRESSURE 
Psi 9 

1.041 
0 (source) 
0 (source) 
0.868 
0.868 
75.32 
37.55 

-13.68 
55.42 

-4.907 
-13.4 
72.71 

-5.026 
-10.53 
0 (source) 
0.916 
0 (source) 
0 (source) 
53.25 

HblF.2478, Rev. 0 

Calculation W320-27-048 

H GRADE 
ft 

637.9 
635.5 
635.5 
637.5 
637.5 
813.4 
725.9 
642 
736.5 
663.4 
643.8 
810.2 
664.4 
641.2 
608 
638.3 
636.1 
636.1 
732 



LINEUP PIPELINES 10/27/97 12:30 pm 

PIPELINE FROM TO 

AYI Nozzle U-11 Micro In 
AY2 Micro In Micro Out 

AY3 Micro Out Distributor 
BNI Bot Botl 
BN2 Botl Bot Nozl 
BN3 Bot Bot2 
BN4 Bot2 Bot No22 
Buried Nozzle 9 Nozzle U-I 1 
c 1  Tank 241 -C-I 06 IP Discharge 

c 2  IP Discharge Transition 
c 3  Transition BP Suction 
c 4  BP Suction BP Discharge 

c 5  BP Discharge Nozzle 9 
D I  Distributor Siphon 

D3 TOP Bot 
TNI TOP Top Nozl 
TN2 TOP Top No22 

- Micro-0% -- dP: 4.995 HL: 11.54 

--Immersible Pmp dP: (55.76) HL: (128.8) 

-- FCPa350 dP: (38.38) HL: (88.66) 

D2 Siphon TOP 

FLOW 
gpm 

350 
350 

350 
103.2 

103.2 
103.2 

103.2 
350 

350 

350 
350 
350 

350 
350 

350 
206.4 
71.79 
71.79 

VEL 
Wsec 

8.828 
15.2 

8.828 
2.882 

11.22 
2.882 

11.22 
8.828 
15.2 

15.2 
8.828 
15.2 

8.828 
9.775 

9.775 
5.765 
7.806 
7.806 

dP 
Psi 9 

(0.119) 
8.489 

0.287 
0.173 
0.868 
0.173 
0.868 
77.73 
(55.42) 

2.171 
15.7 
0.604 

2.617 
(3.158) 

(1 1.44) 
(0.124) 
0.916 
0.916 

HL 
ft 

1.006 
19.61 

I .844 
0.400 

2.005 
0.400 

2.005 
145.8 

(128.5) 

4.515 
6.155 
1.084 

3.205 
0.804 

2.918 
0.363 
2.117 
2.117 

PIPE-FLO ver 5.01 

HWF-2478. Rev. 0 

Calculation W320-27-048 P9 3 



2 
6 
0 

4)  Distributor 

c 4  
D1 

#, BP SUCtiO" 

ib Siphon 
c 3  

D2 

0. 
TNl 

T'IP Tap Nozl 

0- -_ 1 " BNl EN2 

Tank 241-C.106 

TN2 
-0 

Top No12 

- 
[Jl 
r, 

03 

BN3 BN4 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

pressure: psig 
level 8 grade: ft version: rw'C-tLu ver s.ui 

-I 

10l27l97 1231 pm 
Linelist: SL-10 
Lineup: 

flow rate: a m  



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 1022 am 

by: K Hayase 

Design file: 
Pipe Specs: 2 

SYSTEM REPORT 

NODE 

Bot 

Bot Nozl 

Bot No22 

Bot1 

Bot2 

BP Discharge 

BP Suction 

Distributor 

IP Discharge 

Micro In 

Micro Out 

Nozzle 9 

Nozzle U-11 

Siphon 

Tank 241-C-106 

TOP 

Top No21 

Top No22 

Transition 

PIPE-FLO ver 5.01 

SYSTEM NODES 

ELEVATION PIPELINES IN 
ft 

635.49 D3 

635.49 

635.49 

635.49 

635.49 

639.42 

639.11 

673.59 

608.5 

674.77 

674.77 

642.26 

676.05 

665.49 

608 

636.14 

636.14 

636.14 

609 

EN2 

EN4 

EN I 

EN3 

c 4  

c 3  

AY3 

c 1  

AY 1 

AY2 

c 5  

Buried 

D1 

D2 

TNI 

TN2 

c 2  

10/27/97 12:34 pm 
System:SL-10 L-/Q 04 c - 5 ~  
rev: 10/22/97 9:48 am 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

HNF-2478sRqV. d 

Calculation W320-27-048 

PIPELINES OUT 

BNI 
BN3 

BN2 

BN4 

c 5  

c 4  

D1 

c 2  

AY2 

AY3 

Buried 

AY 1 

0 2  

c 1  

D3 
TNI 
TN2 

c 3  



PIPELINE 

AY 1 
AY2 

AY3 
BN1 
BN2 
BN3 

BN4 
Buried 
C1 03 
C2 03 
C3 03 
C4 03 
C5 03 
D1 04 
D2 04 
0 3  04 
TNI 04 
TN2 04 

PIPE-FLO ver 5.01 

SPEC 

03 
03 
03 
04 

04 
04 

04 
03 

SYSTEM PIPES 

FROM-NODE 

Nozzle U-11 
Micro In 

Micro Out 
Bot 

Botl 
Bot 

Bot2 
Nozzle 9 
Tank 241-C-106 
IP Discharge 

Transition 
BP Suction 

BP Discharge 
Distributor 
Siphon 

TOP 
TOP 
TOP 

TO-NODE 

Micro In 
Micro Out 
Distributor 
Botl 

Bot Nozl 
Bot2 

Bot No22 
Nozzle U-11 
IP Discharge 
Transition 

BP Suction 
BP Discharge 

Nozzle 9 
Siphon 

TOP 
Bot 
Top Nozl 
Top No22 

C-r70Cc-5,/ 10/27/97 12:31 pm 

PUMP/COMP 

HW-B??, RW. 0 

Calculation W320-27-048 

Micro-I 0% 

Immersible Pmp 



PUMPICOMP 

Immersible Pmp 

Micro-10% 

PIPE-FLO ver 5.01 

SYSTEM COMPONENTS 

PERFORMANCE DATA 

gpm: 0 195 292 
ft: 145 138 133 
eqn: 145 - 0.00325666 Q 1.45285 

1Ol27197 12:31 pm 
L-1% .-F C-Sd 

370 486 
127 119 

Iblhr: 
psi: 

eqn: 

0 3000 180000 300000 
0 0.013 6.25 16.1 
6.07485e-008 Q A 1.53179 

HW.2478, Rev. 0 

Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
PIPELIST REPORT 

Created: 10/15197 10:22 am 
Design file: 

Pipe Specs: 2 

1Ol27197 12:31 pm 
System: SL-IO L- .f c-5; 
rev: 10122/97 9:48 am 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

SPECIFICATIONS 

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch I Roughness Temp I Pres Vel / Pres 

03 SL-I0%-Sch40S SSteel 10% solids Standard 0 - 20 ftlsec 
rev: 10/21/97 1157 am Sch 40s 90 "F Standard -14.4 - 400 psi g 

0.0018 in 0 psi g 

Size for: 6 ftlsec 

04 SL-IO%-SchSOS SSteel 10% solids Standard 0 - 20 ftlsec 
rev: 10/21/97 1157 am Sch 80s 90 "F Standard -14.4 - 400 psi g 

0.0018 in 0 psi g 
Size for: 6 Wsec 

PIPE-FLO ver 5.01 

HYF-2478, Rev. 0 

Calculation W320-27-048 



PIPELINE 

AY 1 

AY2 

AY3 

BNI 

BN2 

BN3 

EN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c 5  

D1 

D2 

D3 

TNI  

TN2 

PIPE-FLO ver 5.01 

SPEC 

03 

03 

03 

04 

04 

04 

04 

03 

03 

03 

03 

03 

03 

04 

04 

04 

04 

04 

PIPELIST 

MATERIAL 
Size I Sch 

SSteel 
4 in I40S 
SSteel 
3in140S 

SSteel 
4 in 140s 
SSteel 
4 in 180s 
SSteel 
2 in I80S 
SSteel 
4 in I80S 
SSteel 
2 in I8OS 
SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
3 in I405  

SSteel 
4in140S 
SSteel 
3 in I40S 

SSteel 
4 in 140s 

SSteel 
4 in I805 
SSteel 
4 in I8OS 
SSteel 
4 in I8OS 
SSteel 
2 in I8OS 
SSteel 
2 in I80S 

LENGTH 
n 
2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

8.1 

29.4 

0.6 

0.5 

0.5 

10/27/97 12:31 pm 
L-30 o f  c-5: 

FLUID 
Temp I Pres 

10% solids 
90 "F I O  psi g 
10% solids 
90 "F I O  psi g 
10% solids 
90 "F IO psi g 
10% solids 
90 " F I  0 psi g 
10% solids 
90 " F I  0 psi g 
10% solids 
90 " F I O  psi g 
10% solids 
90 " F I  0 psi g 
10% solids 
90 "F I O  psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "F I O  psi g 

10% solids 
90 "F I 0 psi g 
10% solids 
90 "F IO psi g 
10% solids 
90 "F IO psi g 
10% solids 
90 "F I O  psi g 
10% solids 
90 " F I  0 psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "FIO psi g 
10% solids 
90 "F IO psi g 

, HNF-2478. Rev. 0 

Calculation W320-27-048 
- . - - -A-  - 

VALVES 
TotaCK 

0.6725 

1.797 

1.206 

3.058 

1 

3.058 

1 

10.87 

0 

1.094 

2.92 

0.05435 

1.565 

0 

0 

0.6594 

2.158 

2.158 

P9 2 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 10:22 am 

by: K Hayase 

Design file: 
Pipe Specs: 2 

MATERIALS REPORT 

10/27/97 1231 pm 
Systern:SL-10 C-21 v $  c * ~ C  
rev: 10/22/97 9:48 am 

Pipes: 18 
Nodes: 19 

PumpdComps: 2 

PIPELINE 

AY 1 

AY2 

AY3 

BN1 

BN2 

BN3 

BN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c 5  

PIPE-FLO ver 5.01 

PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES & FITTINGS 
Size 1 Sch ft 

03 SSteel 2.5 1-Elbow Long - r/d 1.5 Q 90" 
1 -Elbow Short - r/d 1 Q 90' 
1-Reducer Contraction 4 X 3 

4 in 140s 

03 SSteel 
3in140S 

5.5 

03 SSteel 5 
4 in l 40s 

04 SSteel 0.5 
4 in /8OS 

04 SSteel 0.17 
2 in 180s 

04 SSteel 0.5 
4 in /8OS 

04 SSteel 0.17 
2 in 1 80s 

03 SSteel 1718 
4 in l 40s 

03 SSteel 1 
3 in l40S 

03 SSteel 2 
3 in 140s 

03 SSteel 
4in140S 

34 

03 SSteel 3 
3in140S 

03 SSteel 17 
4in140S 

1-Elbow Long - r/d 1.5 Q 90" 
1-Fixed K 1.5 
1-Reducer Enlargement 4 X 3 

1 -Elbow Long - r/d 1.5 Q 90: 
3-Elbow Short - rld 1 Q SO" 

1-Tee Flow Thru Branch 
1-Reducer Contraction 4 X 2 

1-Exit Sharp-Edged 

1-Tee Flow Thru Branch 
1-Reducer Contraction 4 X 2 

1-Exit Sharp-Edged 

21-Pipe Bend r/d 10 Q 90" 
2-Pipe Bend rld 10 Q 45" 

3-Elbow Short - r/d 1 Q 90" 
1-Reducer Enlargement 4 X 3 

6-Elbow Short - r/d 1 Q 90" 
3-Elbow Long - r/d 1.5 Q 90" 
1-Elbow Long - r/d 1.5 Q 45" 
1-Reducer Contraction 4 X 3 

1-Reducer Enlargement 4 X 3 

4-Elbow Long - r/d 1.5 Q 90" 
2-Elbow Short - dd 1 Q 90" 

HNF-2418, Rev. 0 

Calculation W320-27-048 



PIPELINE 

. D1 

D2 

D3 

TN1 

TN2 

PIPE MATERIALS LIST 10127197 12:31 pm 
6- 27. o$ c -5: 

SPEC MATERIAL LENGTH VALVES a FITTINGS 
Size I Sch ft 

04 SSteel 8.1 
4 in 180s 

04 SSteel 29.4 
4 in 180s 

04 SSteel 0.6 Z-Tee Flow Thru Run 
4 in I80S 

04 SSteel 0.5 1-Tee Flow Thru Branch 
2 in 180s 1-Exit Sharp-Edged 

04 SSteel 0.5 I-Tee Flow Thru Branch 
2 in 180s 1-Exit Sharp-Edged 

PIPE-FLO ver 5.01 

HNF-2478,@~. 0 

Calculation W320-27-048 



PIPE MATERIAL 

SSteel 

SSteel 

SPECIFICATION 

03 SL-1 O%-Sch40S 

04 SL-I0%-Sch80S 

PIPE-FLO ver 5.01 

PIPE SUMMARY 

SCHEDULE SIZE 

405 3 in 
4 in 

80s 2 in 
4 in 

10/27/97 12:31 pm 
L - 2 3  X C - 5 6  

LENGTH 

11.5ft 
1776.5 n 

1.34 ft 
39.1 ft 

VALVE & FITTING SUMMARY 

MATERIAL SCHEDULE VALVES & FITTINGS 

SSteel 40s 

Size: 3 in 

Size: 4 in 

SSteel 

Size: 2 in 

Size: 4 in 

I-Elbow Long - dd 1.5 Q 90" 
I-Fixed K 1.5 
3-Reducer Enlargement 4 X 3 
3-Elbow Short - dd 1 Q 90" 

9-Elbow Long - r/d 1.5 @ 90" 
12-Elbow Short - r/d 1 Q 90" 
2-Reducer Contraction 4 X 3 

21-Pipe Bend dd 10 Q 90" 

2-Pipe Bend r/d 10 Q 45" 
I-Elbow Long - r/d 1.5 Q 45" 

80s 

4-Exit Sharp-Edged 
2-Tee Flow Thru Branch 

2-Tee Flow Thru Branch 

2-Reducer Contraction 4 X 2 
2-Tee Flow Thru Run 

HNF-2470, Rev. 0 

Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

Vel dP psi 
Wsec psi 
0.828 98.67 
0 16.39 320- 

360 

PIPING MATERIAL: SSteel 
Schedule: 40s 

abs roughness: 0.0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

i Re 
- - 106 

- 105 

LENGTH: 1718ft 
ELEVATION in: 642.26 ft 

out: 676.05 ft 

PiPELlNE RESISTANCE, CURVE 

- 
5 46.05 240- - 

- 

1.667 20.72 280 

3.333 30.86 

6.667 65.99 2oo 

0.333 90.52 
10 119.5 
11.67 152.9 120- 

13.33 190.6 
15 232.7 
16.67 278.9 40- 

18.33 329.4 
I ;  

Flow 
9Pm 
350 
0 

66.08 
132.2 
198.2 
264.3 

330.4 
396.5 
462.5 
528.6 
594.7 
660.8 
726.9 
792.9 

lo4 

lo3 

I O 2  

ffP 

,0253 
.oooo 
.0383 
,0317 
,0287 
,0269 
,0256 
.0247 
.0239 
,0233 
.0228 
.0224 

.0221 
,0217 

VALVE / FITTING 
Pipe Bend r/d 10 90" 

FFT: 0.0163 

PIPE-FLO ver 5.01 

PIPELINE REPORT 

10127/97 12:31 pm 
Systern:SL-lO C-Zq o f  c-2; 
rev: 10/22/97 9:48 am 

Buried rev: 10/22/97 9:44 am 
SPECIFICATION: SL-1 O%-Sch40S 
SIZING Criteria: 6 Wsec 
LIMITS Velocity: 0 to 20 Wsec 

FLUID 10% solids at tmp: 90 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 69.85 Ib/ff 
vsc: 11.57 cpois 

K-VALUE VALVE / FITTING 
21a0.489 Pipe Bend r/d 10 45" 

TOTAL K: 10.07 Avg Percent of Total Loss: 8 % 

HNF-2478, Rb:. ? 
Calculation W320-27-048 

K-VALUE 
2a0.3027 



0 

C5: 350 4p% 

BP Discharge: 98.72 pJi3 

Nozzle 9 : 95.68 

Psi3 
(g Micro Out: -14.65 p5 5 

A13: 350 r .I+>.’ 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

BP Suction : 41.76 

3 :350  5p”“ 

Transition : 59.57 ’ 5 ,  P 3  

2 :350  ’Jf” 

IOl27l97 1232 pm 
Linelist: SL-10 
Lineup: SL-10 

flow rate: gp,m 
pressure: psi9 

level 8 grade: fl 

Immersible Pmp : (128.81 7I)H 

ank241-C-106: 0 

o e o  

TO 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SL-10 
rev: 10/22/97 9:48 am 

10/27/97 12:32 pm 
Lineup:SL-lO ( - 2 6  oC (-2, 
rev: 10/27/97 12:32 pm 

Deviation: 0.00747 YO 
after: 4 iterations 

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 
gPm SOURCE PSI 9 

BN2 >>> 103.2 Bot Nozl 0 
BN4 >>> 103.2 Bot No22 0 
c1 e<< 350 Tank 241-C-106 0 
TNI , >>> 71.79 Top Nozl 0 
TN2 >>> 71.79 Top No22 0 

Flows IN: 350 gpm 
Flows OUT: 350 gpm 

NET FLOWS: 0 gpm 

LEVEL 
ft 

0 
0 

0 
0 

0 

PIPE-FLO ver 5.01 

HNF-2478. d v .  0 

Calculation W320-27-048 



NODE 

Bot 
Bot Nozl 

Bot No22 
Bot1 
Bot2 
BP Discharge 
BP Suction 
Distributor 
IP Discharge 
Micro In 
Micro Out 
Nozzle 9 
Nozzle U-11 
Siphon 
Tank 241 -GI06 

TOP 
Top Nozl 
Top N o d  
Transition 

PIPE-FLO ver 5.01 

LINEUP NODES 

ELEVATION DEMAND 
ft gpm 

635.49 
635.49 
635.49 
635.49 
635.49 
639.42 
639.1 1 
673.59 
608.5 
674.77 

674.77 
642.26 
676.05 
665.49 
608 
636.14 
636.14 
636.14 
609 

10127197 12:32 pm 
C-27 0.fC-S: 

PRESSURE H GRADE 
Psi ft  

1.171 637.9 
0 (source) 635.5 
0 (source) 635.5 
0.976 637.5 

0.976 637.5 
98.72 843.1 
41.76 725.2 
-15 *** 642.6 

62.04 736.5 
-2.853 668.9 

-14.65 *** 644.6 
95.68 839.6 

-2.969 669.9 
-1 1.53 641.7 
0 (source) 608 
1.034 638.3 
0 (source) 636.1 
0 (source) 636.1 
59.57 731.9 

HNF-2474. Rev. 0 - 
Calculation W320-27-048 



LINEUP PIPELINES 10/27/97 12:32 pin 
c - 2 6  of L - - -  ., 

PIPELINE FROM TO FLOW VEL dP HL 
gPm Wsec psig n 

AY 1 Nozzle U-I 1 Micro In 350 8.828 (0.116) 1.041 
AY2 Micro In Micro Out 350 15.2 11.79 24.33 

AY3 Micro Out Distributor 350 8.828 0.356 1.914 

EN1 Bot Botl 103.2 2.883 0.194 0.401 

- Micro-10% -- dP: 7.759 HL: 16 

BN2 
BN3 

Botl 
Bot 

Bot Nozl 103.2 11.22 0.976 2.014 
Bot2 103.2 2.883 0.194 0.401 

EN4 Bot2 Bot N o d  103.2 11.22 0.976 2.014 
Buried Nozzle 9 Nozzle U-I I 350 8.828 98.65 169.7 
c 1  Tank 241-C-106 IP Discharge 350 15.2 (62.04) (128.5) 

c 2  IP Discharge Transition 350 15.2 2.475 4.605 

c 3  Transition BP Suction 350 8.828 17.81 6.628 

---Immersible Pmp dP: (62.45) HL: (128.8) 

c 4  EP Suction BP Discharge 350 15.2 0.741 1.22 - FCP@350 dP: (57.71) HL: (1 19) 
c 5  EP Discharge Nozzle 9 350 8.828 3.045 3.441 
D1 Distributor Siphon 350 9.775 (3.469) 0.945 
D2 Siphon TOP 350 9.775 (12.57) 3.429 
0 3  

TN 1 
TN2 

PIPE-FLO ver 5.01 

Bot 206.4 5.765 (0.137) 0.367 
Top Nozl 71.79 7.806 1.034 2.132 
Top No22 71.79 7.806 1.034 2.132 

' W - 2 4 7 8 ,  Rev. 0 

Calculation W320-27-048 PS 3 



HNF-2478. Rev. 0 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 10:22 am 

by: K Hayase 
SYSTEM REPORT 

Design file: 
Pipe Specs: 2 

NODE 

Bot 

Bot Nozl 

Bot No22 

Bot1 

Bot2 

BP Discharge 

BP Suction 

Distributor 

IP Discharge 

Micro In 

Micro Out 

Nozzle 9 

Nozzle U-11 

Siphon 

Tank 241-C-106 

Top 

Top Nozl 

Top No22 

Transition 

PIPE-FLO ver 5.01 

ELEVATION 
ft 

635.49 

635.49 

635.49 

635.49 

635.49 

639.42 

639.1 1 

673.59 

608.5 

674.77 

674.77 

642.26 

676.05 

665.49 

608 

636.14 

636.14 

636.14 

609 

SYSTEM NODES 

PIPELINES IN 

D3 

BN2 

BN4 

BN1 

BN3 

c 4  

c 3  

AY3 

c 1  

AY 1 

AY2 

c5 

Buried 

D1 

02 

TN 1 

TN2 

c 2  

Hw-2478, Rev. 0 

Calculation W320-27-048 

10127/97 12:32 pm 
~ y s t e m : ~ ~ - 2 0  C-SO o? c-L; 
rev: 10122197 952 am 

Pipes: 1% 
Nodes: 19 

PumpslComps: 2 

PIPELINES OUT 

BNI 
BN3 

BN2 

BN4 

c 5  

c 4  

D1 

c 2  

AY2 

AY3 

Buried 

AY 1 

D2 

c 1  

D3 
TNI 
TN2 

c 3  



PIPELINE SPEC 

AY 1 
AY2 
AY3 
BNI  
BN2 

BN3 
BN4 
Buried 
c 1  
c 2  

c 3  
c 4  
c 5  
D1 
D2 
D3 
TNI 
TN2 

05 
05 

05 
06 
06 

06 
06 

05 

05 
05 

05 
05 

05 

06 

06 

06 

06 
06 

SYSTEM PIPES 

FROM-NODE 

Nozzle U-11 
Micro In 
Micro Out 
Bot 
Botl 

Bot 
Bot2 
Nozzle 9 

Tank 241-C-106 
IP Discharge 
Transition 
BP Suction 
BP Discharge 
Distributor 
Siphon 

TOP 
TOP 
TOP 

TO-NODE 

Micro In 
Micro Out 
Distributor 
Botl 
Bot Nozl 

Bot2 
Bot No22 
Nozzle U-11 

IP Discharge 
Transition 

BP Suction 
BP Discharge 

Nozzle 9 
Siphon 

TOP 
Bot 
Top No21 
Top No22 

1 0127197 12:32 pm c-31 "FifC-SX 
PUMPICOMP 

Micro-20% 

Immersible Pmp 

PIPE-FLO ver 5.01 

HNF-2478, Rev. 0 

Calculation W320-27-048 PS 2 



WMPICOMP 

rnmersible Pmp 

Jicro-20% 

SYSTEM COMPONENTS 10/27/97 12:32 pm 
6-32 o c  C-JL  r 

PERFORMANCE DATA 

gpm: 0 195 292 370 486 
ft: 145 138 133 127 119 
eqn: 145 - 0.00325666 Q 1.45285 

IbTr: 0 3000 180000 300000 
PSI: 0 0.017 7.76 17.2 
eqn: 1.03379e-007 Q * 1.49988 

=IPE-FLO ver 5.01 

HNF-2478,f?pv. o 

Calculation W320-27-048 PS 3 I 



Company: Fluor Daniel NOrtffwest 
Project: W-320 

Created: 10/15/97 10:22 am 

by: K Hayase 

Design file: 
Pipe Specs: 2 

PIPELIST REPORT 

. I 0127197 12:32 pm . 
~ y s t e m : ~ ~ - 2 0  ~ . . 3 5  e S  c-36 
rev: 10/22/97 952 am 

Pipes: 18 
Nodes: 19 

Purnps/Comps: 2 

SPECIFICATION 

SPECIFICATIONS 

PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch I Roughness Temp I Pres Vel / Pres 

05 SL-20%-S~h40S SSteel 
rev: 1 0121197 11 59 am Sch 40s 

0.0018 in 

Size for: 6 Wsec 

06 SL-ZO%-SchEOS SSteel 
rev: 10/21/97 11 59 am Sch 805 

0.0018 In 

Size for: 6 Wsec 

PIPE-FLO ver 5.01 

T n n m  

20% solids Standard 
90 "F Standard 
0 psi g 

20% solids 
90 'F 
0 psi g 

Standard 
Standard 

0 - 20 ftfsec 
-1 4.4 - 400 psi g 

0 - 20 Wsec 
-14.4 - 400 psi g 



PIPELIST 10/27/97 12:32 pm c.34 0 .c c-;I. 
PIPELINE 

AY 1 

AY2 

AY3 

BN1 

BN2 

BN3 

BN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c 5  

D1 

D2 

D3 

TN1 

TN2 

PIPE-FLO ver 5.01 

SPEC 

05 

05 

05 

06 

06 

06 

06 

05 

05 

05 

05 

05 

05 

06 

06 

06 

06 

06 

MATERIAL 
Size I Sch 

SSteel 
4 in I40S 
SSteel 
3 in I40S 

SSteel 
4 in I40S 
SSteel 
4 in I8OS 

SSteel 
2 in I8OS 

SSteel 
4 in I8OS 
SSteel 
2 in I805  
SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
3 in I40S 

SSteel 
4 in I40S 
SSteel 
3 in I 4 0 5  

SSteel 
4 in I40S 
SSteel 
4 in I80S  
SSteel 
4 in I8OS 
SSteel 
4 in I8OS 
SSteel 
2 in I80S 
SSteel 
2 in I80S 

LENGTH 
ft 

2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

8.1 

29.4 

0.6 

0.5 

0.5 

FLUID 
Temp I Pres 

20% solids 
90 "F I O  psi g 
20% solids 
90 " F I  0 psi g 

20% solids 
90 "F I O  psi g 
20% solids 
90 " F I  0 psi g 
20% solids 
90 "F I O  psi g 
20% solids 
90 "F IO psi g 
20% solids 
90 "F I O  psi g 
20% solids 
90 " F I  0 psi g 
20% solids 
90 'F I O  psi g 
20% solids 
90 " F I  0 psi g 

20% solids 
90 "F I O  psi g 
20% solids 
90 "FIO psi g 
20% solids 
90 "F I O  psi g 
20% solids 
90 "F I O  psi g 
20% solids 
90 "F IO psi g 
20% solids 
90 "FIO psi g 
20% solids 
90 " F I  0 psi g 
20% solids 
90 "F I O  psi g 

HNF-2478; Rev. 9 
Calculation W320-27-048 

VALVES 
Total-K 

0.6725 

1.797 

1.206 

3.058 

1 

3.058 

1 

10.87 

0 

1.094 

2.92 

0.05435 

1.565 

0 

0 

0.6594 

2.158 

2.158 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

10127197 12:32 pm 
System: SL-20 
rev: 10/22/97 952  am 

C -35 .-f c - 1; 
MATERIALS REPORT 

Created: 10/15/97 10:22 am 
Design file: 

Pipe Specs: 2 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

PIPE MATERIALS LIST 

PIPELINE 

AY 1 

SPEC 

05 

MATERIAL 
Size / Sch 

SSteel 
4 in l40S 

SSteel 
3 in I405  

LENGTH VALVES 8 FITTINGS 
ft 

2.5 I-Elbow Long - rld 1.5 Q 90" 
I-Elbow Short - r/d 1 @ 90" 
I-Reducer Contraction 4 X 3 

AY2 05 5.5 I-Elbow Long - r/d 1.5 Q 90" 
I-Fixed K 1.5 
1-Reducer Enlargement 4 X 3 

AY3 05 SSteel 
4 in I405  

5 

0.5 

0.17 

1 -Elbow Long - r/d 1.5 Q 90" 
3-Elbow Short - r/d 1 Q 90" 

BNI 06 SSteel 
4 in l80S  

I-Tee Flow Thru Branch 
1 -Reducer Contraction 4 X 2 

BN2 

EN3 

06 

06 

SSteel 
2 in /80S 

SSteel 
4 in I80S 

I-Exit Sharp-Edged 

0.5 1 -Tee Flow Thru Branch 
I-Reducer Contraction 4 X 2 

EN4 

Buried 

06 

05 

SSteel 
2 in l80S  

SSteel 
4 in I40S 

0.17 

1718 

1 -Exit Sharp-Edged 

21-Pipe Bend rld 10 Q 90" 
2-Pipe Bend rld 10 Q 45" 

c 1  

c 2  

05 

05 

1 

2 

SSteel 
3 in I405  

SSteel 
3 in / 40s 

3-Elbow Short - r/d I Q 90" 
I-Reducer Enlargement 4 X 3 

c 3  05 SSteel 
4 in l40S  

34 6-Elbow Short - rld 1 Q 90" 
3-Elbow Long - r/d 1.5 Q 90" 
1 -Elbow Long - rld 1.5 Q 45" 
1 -Reducer Contraction 4 X 3 

c 4  

c5 

05 SSteel 
3 in l40S  

SSteel 
4 in I40S 

3 1-Reducer Enlargement 4 X 3 

05 17 4-Elbow Long - r/d 1.5 Q 90" 
2-Elbow Short - r/d 1 @ 90" 

HNF-2478, Rev. Q 

Calculation W320-27-048 PIPE-FLO ver 5.01 



PIPELINE 

D1 

D2 

D3 

TN1 

TN2 

10127197 12:32 pm PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES & FITTINGS c-36 -4- c-5L 
Size I Sch n 

4 in I80S 
06 SSteel 8.1 

06 SSteel 29.4 
4in180S 

06 SSteel 
4 in 180s 

0.6 2-Tee Flow Thru Run 

06 SSteel 0.5 1-Tee Flow Thru Branch 
2 in 180s I-Exit Sharp-Edged 

06 SSteel 0.5 1-Tee Flow Thru Branch 
2 in 180s 1 -Exit Sharp-Edged 

PIPE-FLO ver 5.01 

HNF-2478, Rev. 0 

Calculation W320-27-048 



PIPE SUMMARY 

PIPE MATERIAL SCHEDULE SIZE 

SSteel 40s 3 in 

4 in 

SSteel 80s 2 in 

4 in 

10/27/97 12:32 pm 
6-374 c-,'; 

LENGTH 

11.5ft 
1776.5 ft 

1.34 ft 
39.1 ft 

VALVE & FITTING SUMMARY 

SPECIFICATION MATERIAL SCHEDULE VALVES & FITTINGS 

05 SL-20%-Sch40S SSteel 405 

Size: 3 in 

Size: 4 in 

06 SL-20%-Sch80S SSteel 

Size: 2 in 

Size: 4 in 

PIPE-FLO ver 5.01 

1 -Elbow Long - r/d 1.5 Q 90" 

1 -Fixed K 1.5 
3-Reducer Enlargement 4 X 3 
3-Elbow Short - r/d 1 Q 90" 

9-Elbow Long - r/d 1.5 Q 90" 
12-Elbow Short - r/d 1 Q 90" 

2-Reducer Contraction 4 X 3 
21-Pipe Bend r/d 10 Q 90" 

2-Pipe Bend dd 10 Q 45" 
I-Elbow Long - r/d 1.5 Q 45" 

%OS 

4-Exit Sharp-Edged 
2-Tee Flow Thru Branch 

2-Tee Flow Thru Branch 
2-Reducer Contraction 4 X 2 
2-Tee Flow Thru Run 

rHNF:2478, Rev. D 

Calculation W320-27-048 PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
PIPELINE REPORT 

10/27/97 12:33 pm 
System: 51-20 
rev: 10/22/97 952 am 

C - j g  oT c- 5~ 

PIPING MATERIAL: SSteel 
Schedule: 405 

abs roughness: 0.0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

LENGTH: 1718 ft 
ELEVATION in: 642.26 ft 

out: 676.05 ft 

Flow ffP 
gpm 
350 ,0327 
0 ,0000 

66.08 ,0378 
132.2 .0432 
198.2 ,0382 
264.3 ,0352 
330.4 .0332 
396.5 ,0316 
462.5 .0304 
528.6 ,0294 
594.7 ,0286 

660.8 ,0279 
726.9 ,0273 
792.9 .0268 

Vel dP 
Wsec psi 
8.828 125.1 
0 16.97 
1.667 21.4 
3.333 37.08 
5 57.23 
6.667 83.2 

8.333 114.7 
10 151.6 

11.67 193.6 
13.33 240.8 
15 292.9 

16.67 349.9 

18.33 411.8 
20 478.5 

Buried rev: 10/22/97 950 am 

SPECIFICATION: SL-20%-Sch40S 
SIZING Criteria: 6 ftfsec 

LIMITS Velocity: 0 to 20 ftfsec 

FLUID 20% solids at tmp: 90 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 72.35 Ib/W 
vsc: 35.6 cpois 

PIPELINE RESISTANCE CURVE 

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

Pipe Bend r/d 10 90" 21@0.489 Pipe Bend r/d 10 45" 2a0.3027 

FFT: 0.0163 TOTAL K: 10.87 Avg Percent of Total Loss: 6 % 

PIPE-FLO ver 5.01 

Hw-2478, Rev. o~ 
Calculation W320-27-048 



HNF-2478, Rev. o r 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SL-20 
rev: 10/22/97 9 5 2  am 

10/27/97 12:33 pm 
Lineup: SL-20 . [-YO c-,; 
rev: 10/27/97 12:33 pm 

Deviation: 0.00883 % 
after: 4 iterations 

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

LINEUP SUMMARIES 

PIPELINE 

BN2 
BN4 
c 1  
TN1 

TN2 

FLOW PRESSURE SET LEVEL 
gpm SOURCE Psi ft 

>>> 103.2 Bot Nozl 0 0 
>>> 103.2 Bot Noz2 0 0 
<<< 350 Tank 241-C-106 0 0 
>>> 71.77 Top Nozl 0 0 
>>> 71.77 Top No22 0 0 

Flows IN: 350 gpm 
Flows OUT: 349.9 gpm 

NET FLOWS IN: 0.100 gpm 

PIPE-FLO ver 5.01 

'HNF-?478, Rev. 0. 
Calculation W320-27-048 



NODE 

Bot 
Bot Nozl 
Bot No22 
Bot1 

Bot2 
BP Discharge 
BP Suction 
Distributor 
IP Discharge 
Micro In 
Micro Out 
Nozzle 9 
Nozzle U-11 
Siphon 
Tank 241-C-106 

TOP 
Top Nozl 
Top No22 
Transition 

LINEUP NODES 

ELEVATION DEMAND 
ft QPm 

635.49 
635.49 
635.49 
635.49 
635.49 
639.42 
639.11 
673.59 
608.5 
674.77 
674.77 
642.26 
676.05 
665.49 
608 
636.14 
636.14 
636.14 
609 

10/27/97 12:33 pm 6-41 oc C-s-' 
PRESSURE 
psi g 

1.223 
0 (source) 
0 (source) 
1.021 

1.021 
127.8 
42.67 
-1 4.89 **' 
64.22 

-0.601 
-1 4.46 *** 
124.4 

-0.688 
-1 1.44 
0 (source) 
1.086 
0 (source) 
0 (source) 
61 5 7  

H GRADE 
ft 

637.9 
635.5 
635.5 
637.5 

637.5 
893.9 
724.1 
643.9 
736.4 
673.6 
646 
890 
674.7 
642.7 

608 
638.3 
636.1 
636.1 
731.6 

PIPE-FLO ver 5.01 

HNF-2478,Rev. 0 

Calculation W320-27-048 PS 2 

i 



PIPELINE FROM 

LINEUP PIPELINES 

TO 

AY 1 Nozzle U-11 Micro In 
AY2 Micro In Micro Out 

-- Micro-20% --- dP: 9.434 HL: 18.79 

AY3 

BNl 
BN2 
BN3 
BN4 

Micro Out 

Bot 

Botl 
Bot 
Bot2 

Distributor 

Botl 
Bot Nozl 
Bot2 
Bot No22 

Buried Nozzle 9 Nozzle U-11 
c 1  Tank 241-C-106 IP Discharge 

---- Immersible Pmp -- dP: (64.69) HL: (128.8) 
c 2  IP Discharge Transition 
c 3  Transition BP Suction 
c 4  BP Suction BP Discharge 

c 5  BP Discharge Nozzle 9 
- FCP@350 dP: (86.02) HL: (171.3) 

D1 

D2 
D3 

TNI 
TN2 

Distributor 
Siphon 

TOP 

TOP 
TOP 

PIPE-FLO ver 5.01 

Siphon 

Bot 
Top Nozl 
Top No22 

TOP 

FLOW 
SPm 

350 
,350 

350 

103.2 
103.2 
103.2 
103.2 
350 
350 

350 
350 
350 

350 
350 
350 
206.5 

71.77 
71.77 

10/27/97 12:33 pm c-q2 c-F'c->c 
VEL 
Wsec 

8.828 
15.2 

8.828 

2.883 
1 1.22 
2.883 
11.22 
8.828 
15.2 

15.2 
8.828 
15.2 

8.828 
9.775 
9.775 
5.766 
7.805 
7.805 

HNF-2478. Rev. 0 

Calculation W320-27-048 

dP 
Psi 9 

(0.087) 
13.86 

0.435 
0.203 
1.021 
0.203 
1.021 
125.1 

(64.22) 

2.653 
18.9 
0.902 

3.381 
(3.457) 

(0,137) 
(12.52) 

1.086 
1.086 

HL 
n 
1.107 
27.6 

2.046 

0.404 
2.033 
0.404 
2.033 
215.3 
(128.4) 

4.783 
7.531 
1.487 

3.893 
1.21 5 
4.41 
0.376 

2.163 . 
2.162 

PS 3 



&F-2478, Rev. 0 

E 
0. 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
SYSTEM REPORT 

Created: 1011 5/97 10:22 am 
Design file: 

Pipe Specs: 2 

NODE 

Bot 

Bot Nozl 

Bot No22 

Bot1 

Bot2 

BP Discharge 

BP Suction 

Distributor 

IP Discharge 

Micro In 

Micro Out 

Nozzle 9 

Nozzle U-11 

Siphon 

Tank 241-C-106 

TOP 

Top Nozl 

Top No22 

Transition 

PIPE-FLO ver 5.01 

ELEVATION 
ft 

635.49 

635.49 

635.49 

635.49 

635.49 

639.42 

639.11 

673.59 

608.5 

674.77 

674.77 

642.26 

676.05 

665.49 

608 

636.14 

636.14 

636.14 

609 

SYSTEM NODES 

PIPELINES IN 

D3 

BN2 

BN4 

BNI 

BN3 

c 4  

c 3  

AY3 

c 1  

AY 1 

AY2 

c 5  

Buried 

D1 

D2 

TNI 

TN2 

c 2  

10/27/97 12:34 prn 
System: 51-30 
rev: 10/22/97 953 am 

c-q < 0 f C -26 

Pipes: 18 
Nodes: 19 

PumpslComps: 2 

PIPELINES OUT 

EN1 
BN3 

BN2 

BN4 

c 5  

c 4  

D1 

c 2  

AY2 

AY3 

Buried 

AY 1 

D2 

c 1  

D3 
TN1 
TN2 

HNF-2478, Rw. a 

Calculation W320-27-048 

c 3  



PIPELINE 

AY 1 
AY2 
AY3 
BN1 

BN2 
BN3 
BN4 
Buried 
c 1  
c 2  
c 3  
c 4  
c 5  

DJ 
D:! 
D3 
TN 1 
TN2 

PIPE-FLO ver 5.01 

SPEC 

07 
07 
07 
08 
08 

08 
08 
07 

07 
07 
07 
07 
07 
08 

08 
08 

08 

08 

SYSTEM PIPES 

FROM-NODE 

Nozzle U-11 
Micro In 

Micro Out 
Bot 
Botl 
Bot 
Bot2 
Nozzle 9 

Tank 241-C-106 
IP Discharge 
Transition 
BP Suction 

BP Discharge 
Distributor 
Siphon 

TOP 

TOP 
TOP 

TO-NODE 

Micro In 
Micro Out 
Distributor 
Botl 
Bot Nozl 
Bot2 
Bot No22 
Nozzle U-11 
IP Discharge 
Transition 

BP Suction 
BP Discharge 
Nozzle 9 
Siphon 

TOP 
Bot 
Top Nozl 
Top No22 

10/27/97 12:34 pm c- 45 0Tc--5 
PUMPICOMP 

Micro-30% 

Immersible Pmp 

. .  
HNF-2478~Rey. 0 

Calculation W320-27-048 PS 2 



PUMPICOMP 

Immersible Prnp 

Micro-30% 

PIPE-FLO ver 5.01 

SYSTEM COMPONENTS 

PERFORMANCE DATA 

gpm: 0 195 292 
ft: 145 138 133 
eqn: 145 - 0.00325666 Q 1.45285 

10127197 12:34 pm 
c-4-6 .-fC.-SL 

370 
127 

Ibihr: 0 3000 180000 300000 
psi: 0 0.083 12.5 25 
eqn: 4.24016e-006 Q A 1.23381 

HNF-2478, Rev. o 
Calculation W320-27-048 

486 
119 

PS 3 



Company: Fluor Daniel Northwest 
Project: W-320 

Created: 1011 5/97 1022 am 

by: K Hayase 
PIPELIST REPORT 

Design file: 
Pipe Specs: 2 

10/27/97 12:34 pm 
System: SL-30 
rev: 10/22/97 953  am 

c- 47 o f  C- S I  

Pipes: 18 
Nodes: 19 

Pumps/Comps: 2 

SPECIFICATIONS 

SPECIFICATION PIPE MATERIAL FLUID VALVE TABLE DESIGN LIMITS 
Sch I Roughness Temp / Pres Vel / Pres 

0 - 20 ft/sec 07 SL-JO%-Sch4OS SSteel 30% solids Standard 
rev: 10/21/97 12:Ol pm Sch 40s 90 "F Standard -14.4 - 400 psi g 

0.001 8 in 0 psi g 
Size for: 6 Wsec 

08 SL-30%-Sch80S SSteel 
rev: 10/21/97 12:Ol pm Sch 805 

0.0018 in 
Size for: 6 Wsec 

30% solids Standard 0 - 20 Wsec 
90 "F Standard -14.4 - 400 psi g 
0 psi g 

PIPE-FLO ver 5.01 
WF-2478. Rev. 0 
Calculation W320-27-048 



PIPELIST 10/27/97 12:34 pm 
c-qe or c,:: 

PIPELINE 

AY 1 

AY2 

AY3 

BNI  

BN2 

BN3 

BN4 

Buried 

C1 

c 2  

c 3  

c 4  

c 5  

D1 

D2 

D3 

TNI 

TN2 

SPEC 

07 

07 

07 

08 

08 

08 

08 

07 

07 

07 

07 

07 

07 

08 

08 

08 

08 

08 

MATERIAL 
Size I Sch 

SSteel 
4 in I40S 
SSteel 
3 in I40S 
SSteel 
4 in I 405  
SSteel 
4 in I80S 

SSteel 
2 in I80S 
SSteel 
4 in I80S 
SSteel 
2 in I80S 
SSteel 
4in140S 
SSteel 
3 in I40S 
SSteel 
3in140S 
SSteel 

inI40S 
SSteel 
3 in I40S 

SSteel 
4 in I 4 0 5  
SSteel 
4 in I 8 0 5  
SSteel 
4 in I80S 
SSteel 
4 in I80S 
SSteel 
2 in I805 
S t e e l  
2 in I805  

LENGTH 
ft 

2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

8.1 

29.4 

0.6 

0.5 

0.5 

FLUID 
Temp I Pres 

30% solids 
90 "F I O  psi g 
30% solids 
90 "F I O  psi g 
30% solids 
90 " F I  0 psi g 
30% solids 
9O"FI 0 psi g 
30% solids 
90 "FI  0 psi g 
30% solids 
90 "F I O  psi g 

30% solids 
90 " F I O  psi g 
30% solids 
90 "F I O  psi g 
30% solids 
90 "F I O  psi g 
30% solids 
90 " F I O  psi g 

30% solids 
90 "FIO psi g 
30% solids 
90 "FIO psi g 
30% solids 
90 'F I O  psi g 
30% solids 
90 "F I O  psi g 

30% solids 
9O."F I O  psi g 
30% solids 
90 "FIO psi g 
30% solids 
90 "FIO psi g 
30% solids 
90 "F I O  psi g 

VALVES 
Total-K 

0.6725 

1.797 

1.206 

3.058 

1 

3.058 

1 

10.87 

0 

1.094 

2.92 

0.05435 

1.565 

0 

0 

0.6594 

2.158 

2.158 

PIPE-FLO ver 5.01 
HNF-2478, Rev. o 

Calculation W320-27-048 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
MATERIALS REPORT 

Created: 10/15/97 10:22 am 
Design file: 

Pipe Specs: 2 

PIPELINE 

AY 1 

AY2 

AY3 

BNI 

BN2 

BN3 

BN4 

Buried 

c 1  

c 2  

c 3  

c 4  

c5 

SPEC 

07 

07 

07 

08 

08 

08 

08 

07 

07 

07 

07 

07 

07 

MATERIAL 
Size I Sch 

SSteel 
4 in l40S  

SSteel 
3 in l40S 

SSteel 
4 in l40S 

SSteel 
4 in l 8 0 S  

SSteel 
2 in I 8 0 S  

SSteel 
4 in l80S 

SSteel 
2 in /80S 

SSteel 
4 in l40S  

SSteel 
3 in I40S 

SSteel 
3in140S 

SSteel 
4 in I40S 

SSteel 
3 in I40S 

SSteel 
4 in I40S 

PIPE MATERIALS LIST 

10/27/97 12:34 pm 
system: SL-30 
rev: 10122l97 953 am 

C - 9 7  of C- 5: 

Pipes: 18 
Nodes: 19 

PumpsIComps: 2 

LENGTH 
ft 

2.5 

5.5 

5 

0.5 

0.17 

0.5 

0.17 

1718 

1 

2 

34 

3 

17 

VALVES 8, FITTINGS 

I-Elbow Long - rld 1.5 Q 90" 
I-Elbow Short - rld 1 Q 90" 
I-Reducer Contraction 4 X 3 

1 -Elbow Long - rld 1.5 Q 90" 
1 -Fixed K 1.5 
I-Reducer Enlargement 4 X 3 

1 -Elbow Long - r/d 1.5 Q 90" 
3-Elbow Short - rld 1 Q 90" 

I-Tee Flow Thru Branch 
I-Reducer Contraction 4 X 2 

I-Exit Sharp-Edged 

1-Tee Flow Thru Branch 
I-Reducer Contraction 4 X 2 

I-Exit Sharp-Edged 

21-Pipe Bend rld 10 Q 90' 
2-Pipe Bend rld 10 Q 45" 

3-Elbow Short - r/d 1 Q 90" 
I-Reducer Enlargement 4 X 3 

6-Elbow Short - r/d 1 Q 90" 
3-Elbow Long - rld 1.5 Q 90" 
I-Elbow Long - rld 1.5 Q 45" 
I-Reducer Contraction 4 X 3 

I-Reducer Enlargement 4 X 3 

4-Elbow Long - rld 1.5 Q 90" 
2-Elbow Short - rld 1 Q 90" 

PIPE-FLO ver 5.01 
HNF-2478, Rev. 0 
Calculation W320-27-048 



PIPELINE 

D1 

D2 

D3 

TNI 

TN2 

PIPE-FLO ver 5.01 

PIPE MATERIALS LIST 

SPEC MATERIAL LENGTH VALVES & FITTINGS 

10I27197 12:34 pm c - 5 0  .-f L- z; 
Size I Sch ft 

08 SSteel 8.1 
4 in 180s 

08 SSteel 29.4 
4 in I80S 

08 SSteel 
4 in I80S 

0.6 

08 SSteel 0.5 
2 in 180s 

2-Tee Flow Thru Run 

I-Tee Flow Thru Branch 
I-Exit Sharp-Edged 

08 SSteel 0.5 I-Tee Flow Thru Branch 
2 in I80S I-Exit Sharp-Edged 

HNF-2478, Rev. 0 
Calculation W320-27-048 P9 2 



PIPE MATERIAL 

SSteel 

SSteel 

SPECIFICATION 

07 SL-JO%-Sch4OS 

08 SL-JO%-SchBOS 

PIPE-FLO ver 5.01 

PIPE SUMMARY 

SCHEDULE SIZE 

40s 3 in 
4 in 

80s 2 in 
4 in 

10/27/97 12:34 pm 
G- s J 04 c - 5 F  

LENGTH 

11.5ft 
1776.5 ft 

1.34n 
39.1 ft 

VALVE &FITTING SUMMARY 

MATERIAL SCHEDULE VALVES & FITTINGS 

SSteel 

Size: 3 in 

Size: 4 in 

SSteel 

Size: 2 in 

Size: 4 in 

40s 

I-Elbow Long - r/d 1.5 Q 90" 

I-Fixed K 1.5 
3-Reducer Enlargement 4 X 3 

3-Elbow Short - r/d 1 @ 90" 

9-Elbow Long - r/d 1.5 Q 90" 
12-Elbow Short - dd I Q 90" 
2-Reducer Contraction 4 X 3 
21-Pipe Bend r/d 10 Q 90" 
2-Pipe Bend dd 10 Q 45" 
1 -Elbow Long - dd 1.5 @ 45" 

805 

4-Exit Sharp-Edged 
2-Tee Flow Thru Branch 

2-Tee Flow Thru Branch 
2-Reducer Contraction 4 X 2 
2-Tee Flow Thru Run 

HNF-2478, Rev. o 
Calculation W320-27-048 PS 3 



10l27197 12:34 pm 
System: SL-30 
rev: 10/22/97 953 am 

Company: Fluor Daniel Northwest 
Project: W-320 c- 5 2 o -f c- 3; 

by: K Hayase 
PIPELINE REPORT 

ffp Vel dP psi 
Wsec psi 

720 
,0427 8.828 161.6 
.oooo 0 17.56 640- 

,0960 1.667 28.81 
560 

PIPING MATERIAL SSteel 
Schedule: 405 

abs roughness: 0,0018 in 
PIPE SIZE: 4 in 

dia: 4.026 in 

LENGTH: 1718ft 
ELEVATION in: 642.26 ft 

out: 676.05 ft 

I -Re 
- I 1 ,06 

- lo5 

A 104 

I 

I 
I 
I 

- 

Buried rev: 1Ol22197 858 am 

SPECIFICATION: SL-30%-Sch40S 
SIZING Criteria: 6 Wsec 

LIMITS Velocity: 0 to 20 Wsec 

FLUID 30% solids at trnp: 90 "F 
Pressure: -14.4 to 400 psi g 

pres: 0 psi g 
den: 74.84 Iblff 
vsc: 93.45 cpois 

Flow 
QPm 
350 
0 

66.08 
132.2 
198.2 
264.3 

330.4 
396.5 
462.5 
528.6 

594.7 
660.8 

726.9 
792.9 

VALVES and FITTINGS 

K-VALUE VALVE I FITTING K-VALUE VALVE I FITTING 

Pipe Bend rld 10 90" 21Q0.489 Pipe Bend rld 10 45" 2a0.3027 

FFT: 0.0163 TOTAL K: 10.87 Avg Percent of Total Loss: 5 % 

PIPE-FLO ver 5.01 

HNFi2478, Rev. 0 

Calculation W320-27-048 



0 

0 $: 

m 
0 P @I 

0 

0 a 
- 

0 4 

HNP-2478. Rev. 0 



Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 

System: SL-30 
rev: 10/22/97 9 5 3  am 

10/27/97 12:35 pm 
Lineup: SL-30 
rev: 10/27/97 1234 pm 

c - 5 4 & L- 3 

Deviation: 0.000485 % 
after: 5 iterations 

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

LINEUP SUMMARiES 

PIPELINE 

BN2 
BN4 
C I  
TNI 
TN2 

PIPE-FLO ver 5.01 

FLOW PRESSURE 
gpm SOURCE 

Bot Nozl 0 
Bot No22 0 
Tank241-C-106 0 
Top Nozl 0 
Top Noz2 0 

Flows IN: 350 gpm 
Flows OUT: 350 gpm 

NET FLOWS: 0 gpm 

~ , ~ F - 2 4 7 8 ,  Re". 0 

Calculation W320-27-048 

LEVEL 
ft 

0 
0 

0 

0 
0 



NODE 

Bot 
Bot Nozl 
Bot No22 
Bot1 

Bot2 
BP Discharge 
BP Suction 
Distributor 
IP Discharge 
Micro In 
Micro Out 
Nozzle 9 
Nozzle U-I 1 
Siphon 
Tank 241-C-106 

TOP 
Top Nozl 
Top Noz2 
Transition 

LINEUP NODES 

ELEVATION DEMAND 
ft gPm 

635.49 
635.49 
635.49 
635.49 

635.49 
639.42 
639.1 1 
673.59 
608.5 
674.77 

674.77 
642.26 
676.05 
665.49 
608 , 

636.14 
636.14 
636.14 
609 

10/27/97 12:35 pm 
c-55 .c c-3; 

PRESSURE 
Psi 9 

1.272 
0 (source) 
0 (source) 
1.062 

1.062 
171.9 

43.31 
-14.51 *** 
66.37 
6.577 

-1 3.97 
168.1 
6.534 
-11.13 
0 (source) 
1.134 
0 (source) 
0 (source) 
63.49 

H GRADE 
ft 

637.9 
635.5 
635.5 
637.5 

637.5 
970.5 

722.5 
645.7 

736.3 
687.4 
647.9 
965.9 
688.6 
644.1 
608 
638.3 
636.1 
636.1 

731.2 

PIPE-FLO ver 5.01 

MF-2478, Rev. 0 

Calculation W320-27-048 



PIPELINE FROM 

LINEUP PIPELINES 

TO 

AY 1 Nozzle U-11 Micro In 
AY2 Micro In Micro Out 

AY3 Micro Out Distributor 

BNI Bot Botl 
BN2 Botl Bot Nozl 
BN3 Bot Bot2 

BN4 Bot2 Bot No22 
Buried Nozzle 9 Nozzle U-11 
c 1  Tank 241 -C-I 06 IP Discharge 

---Immersible Pmp ----- dP: (66.91) HL: (128.8) 
c 2  IP Discharge Transition 
c 3  Transition BP Suction 
c 4  ' BP Suction BP Discharge 

c 5  BP Discharge Nozzle 9 
D1 Distributor Siphon 

-- Micro-30% - dP: 15.62 HL: 30.07 

-- FCP@350 dP: (129.8) HL: (249.8) 

D2 Siphon TOP 
D3 TOP Bot 

TN1 TOP Top Nozl 
TN2 TOP Top No22 

FLOW 
gpm 

350 
350 

350 
102.9 

102.9 
102.9 

102.9 
350 
350 

350 

350 
350 

350 
350 
350 
205.8 

72.12 
72.12 

10127197 12:35 pm i i  L-56 0 4  (2-5,. 
VEL 
Wsec 

8.828 
15.2 

8.828 
2.873 

11.19 
2.873 
11.19 
8.828 

15.2 

15.2 
8.828 
15.2 

8.828 
9.775 
9.775 
5.746 

7.842 
7.842 

PIPE-FLO ver 5.01 

I-UG-2478, Rev. 0 

Calculation W320-27-048 

dP 
Psi 

(0.043) 
20.55 

0.544 
0.210 

1.062 
0.210 

1.062 
161.6 

(66.37) 

2.872 

20.19 
1.124 

3.816 
(3.385) 
(12.26) 
(0,137) 
1.134 
1.134 

HL 
n 
1.197 
39.55 

2.227 
0.403 

2.045 
0.403 
2.045 
277.3 
(128.3) 

5.028 
8.758 
1.854 

4.506 
1.583 

5.744 
0.386 

2.184 
2.184 

PS 3 



Calc. No.: W320-27-048 FLUOR DANIEL 
NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS PageNo.:  o-oof n- 7 2  

rlient: Nurnatec WO/Job No.: E09141NV-320 
jubject: SlurrylSupernate Hydraulic Analysis Date: BY: Kelly Hayase 

Checked: 3 / g /9y By: lr/, &d 
.ocation: 241 -C/241 -AY Revised: By: 

APPENDIX D 

Pipe-Flo Results (for system curves) SN-00 
Pipe-Flo Results (for system curves) SN-05 
Pipe-Flo Results (for system curves) SN-10 

Page D-I  
Page D-25 
Page D-49 

HpF-2478, Rev. 3.  
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Nozzle U.2 : 55.33 

c. 

oeo 

Nozzle : 0 

BP Discharge : 51.71 

FCP1220 : (41.551 

all : 55.7 

220 

Pivot : 50.94 

: 220 

NOL Trans : 47.82 

BP Suction : 40.05 

o e o ,  Ay4 I : 220 O@O 

Siphon1 : 0 Siphon2 : 0 

Transition : 56.1 i 
A 2:251.5 

IP Discharge : 58.15 1 
lrnrnerrible Pmp : (1 35) 

TK 241-AY-102 : 0 ? AYl : 251.5 

w 
w 

o e o  ? 
% 
- 

Company: Fluor Daniel Northwest 10/27/97 12:47 pm 
Linelist: SN-00 

Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 



Nozzle U-2 : 62.55 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Nozzle 

10127197 12:47 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gp,m 
pressure: psi9 

level & grade: R 

O @ O  

Nozzle : 0 

230 

Pivot: 55.81 

: 230 

Nor Trans : 52.27 

BP Suction : 39.59 

O @ O  

Transition : 56.36 

IP Discharge : 57.89 

Immersible Pmp : 1134.41 

- 
AYl : 2G1.4 TK 241-AY-102 : 0 

0 

c, 

-2 
\ 

r 



HNF-2478, Rev. 0 
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'HNF-2478, Rev. 0 
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Nozzle U-2 : 94.5 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

all : 94.83 

BP Discharge: 97.04 

BP Suction : 37.64 

O@O O@O, 

10/27/97 12~48 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gpm 
pressure: psis 

level 8 grade: it 

O @ O  

Nozzle : 0 

270 

PiYOt:  77.44 

: 270 

NOT Trans : 72.04 

Siphon1 : 0 Siphon2 : 0 

Transition : 54.95 

IP Discharge : 56.83 

0 
I 
6-r o e o  

% 
6 

P 
AYl : 300.8 TK 241-AY-102 : 0 1 

-I 

Immersible Pmp : 1132) 



I 

i 

HNF-2478, Rev. 0 
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m 

- - 
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HNF-2478. Rev. 0 
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HNF-2478, Rev. 0 



Nozzle U-2 : 141.3 

AY7:320 / 

0 

o c o  

Nozzle : 0 

320 

Pivot: 109.3 

: 320 

N O L  Trans : 101.2 

/ all: 141.6 A 1 : 3 2 0  

P Discharge : 144 

FCPb320: 1253.21 

P Suction : 34.94 

o c o  Ob0 

Transition : 53.03 

IP Discharge : 55.42 

+ 1 
0 

Immersible Pmp : l128.8) 

r? 

v 
Y 
4 TK241-AY.lOZ:O AYI : 350 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 12:49 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gp,m 
pressure: psi9 

level & grade: ft 



Nozzle U.2 : 151.6 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

c 

10/27/97 1250 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gpm 

O @ O  

Nozzle : 0 

330 

Pivot : 1 16.4 

: 330 

NozTranr : 107.6 

BP Discharge : 154.3 I 
FCPe330 : 1278.51 0 

A 5 : 3 3 0  

BP Suction : 34.37 i 
O@O o e o  

Siphon1 : 0 

Transition : 52.63 

A 2 : 359.8 

IP Discharge : 55.13 i 
9 Immersible Pmp : (128.2l o e o  

C? 

’ 359.8 TK 241-AY-102 : 0 ..i w 

’ . I Version: PIPE-FLOver5.01 
pressure: psig 

level & grade: ft 



Nozzle U.2 : 162.1 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

3J 
< 

10/27/97 1250 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gp,m 
pressure: psig 

level 8 grade: ft 

0 

o e o  

Nozzle : 0 

A \ 6 : 3 4 0  

QP Discharge : 165 

340 

Pivot: 123.6 

: 340 

NozTranr: 114.2 

BP suction : 33.78 

O@O 

Siphon2 : 0 

Transition : 52.22 

O @ O  

Siphon1 : 0 

A 2 : 369.6 i 
IP Discharge : 54.83 t 
9 Immersible Pmp : 1127.51 O @ O  

C ?  

-I 
I- 

' 3696 TK 241-AY-102 : 0 I 



HNF-2478, Rev. 0 
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Nozzle U-2 : 195.7 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Nozzle 

10/27/97 1250 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: qpm 

o m 0  

Version: PIPE-FLO ver 5.01 

Nozzle : 0 

_. 
pressure: psis 

level 8 grade: ft 

BP Discharge : 198.7 

370 

Pivot : 146.6 

: 370 

NozTrans: 135.3 

A 6 : 370 -1 
BP Discharge : 198.7 

FCP0370 : 1386.61 

BP Suction : 31.95 t 
0 0 0  

Transition : 50.95 

IP Discharge : 53.91 

TK 241-AY-102 : 0 AYl : 399 L t- 

ImrneiSible Pmp : 1125.41 O @ O  



HNF-2478, Rev. 0 



Nozzle U-2 : 21 9.6 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

I z 
? 
? 
-1 m 

10127197 1251 pm 
Linelist: SN-00 
Lineup: SN-00 

flow rate: gprn 
pressure: psig 

level & grade: ft 

P 
5 
0 

C :390 I 
f Pivot: 163.1 

: 390 

No1 Trans : 150.3 

Nozzle : 0 

/T AY7 : 390 

A46 : 390 

Discharge : 222.G 

CP@390: (445.1) 

Si 0 

Transition : 50.07 

$3 - 
4 

Immersible Pmp : 1124) 

m 
C7 

P 
: 418.6 TK 241-AY-102 : 0 A 



Hk-2478, Rev. 0 
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Nozzle U-2 : 61.39 

Project: W-320 
by: KHayase 

Comments: Calculation W320-27-048 

0 

Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 

c. : 220 

4) Pivot: 54.13 

: 220 

N O I  Trans : 50.76 

Nozzle : 0 

BP Suction : 42.37 

O @ O  

Transition : 60.06 

IP Discharge : 61.63 

Immersible Pmp : 1135) 

pressure: psig 
level 8 grade: ft Version: PIPE-FLO ver 5.01 



Cr  
0 

4 o a o  d 

E'65 : lOb!d 1 
OEZ: .3 

0 
2: 
B 
A x 
li 

r 2 



Nozzle U-2 : 77.41 

FCP1240 : 185.08) P A 5 : 240 

W 

C :240 1 
Pivot: 64.7 I 
: 240 

NOL Trans : 60.43 

Nozzle : 0 

BP Suction : 41.38 1 
Siphon1 : 0 Siphon2 : 0 

Transition : 59.36 

A\ 2 : 271.2 

IP Discharge : 61.09 

10/27/97 1:Ol pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psig 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27.048 

Version: PIPE-FLO ver 5.01 - 







Nozzle U-2 : 103.9 

Discharge : 106.6 

CP@270 : (146.71 

Discharge : 60.24 

Immersible Pmp : (1 321 
No2 Trans : 76.48 

Nozzle : 0 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 - 

10127197 1 :02 prn 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psig 

level B grade: ft 



0 

HNF-2478, Rev. 0 



Nozzle U-2 : 123.2 

EP Discharge : 126. 

EP Suction : 38.67 

Project: W-320 
by: KHayase 

Comments: Calculation W320-27.048 

P 
5 
0 

10/27/97 1 :02 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: aDm 

C :290 

Pivot: 95.13 I 

Version: PIPE-FLO ver 5.01 

: 290 t 

pressure: psig 
level 8 grade: ft 

Nozzle : 0 

ransition : 57.43 

Discharge : 59.65 

Immersible Pmp: 1130.8) O@O 



Nozzle U-2 : 133.3 

BP Discharge: 136.2 

FCPe300: 1214.9) 

BP Suction : 38.09 

Discharge: 59.35 

NOI Tram : 94.4 Immersible Pmp : (130.1) 

o e o  

Project: W-320 
by: K Hayase 

Comments: Calculation W320-27-048 

Nozzle : 0 

10/27/97 1:02 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: oom -. 
pressure: psig 

level 8 grade: ft Version: PIPE-FLO ver 5.01 



Nozzle U.2 : 143.8 

Projeet: W-320 
by: KHayase 

Comments: Calculation W320-27-048 

0 

Linelist: SN-05 
Lineup: SN-05 

flow rate: gprn 

o e o  

Version: PIPE-FLO ver 5.01 

Nozzle : 0 

pressure: psig 
level 8 grade: ft 

: 310 

Pivot : 108.9 

: 310 

NozTrans : 100.8 

AY : 340.1 

Transition : 56.61 f 
A 2 : 340.1 1 

7 
L A  
-0. 

17 

Immersible Pmp : 1129.5) 
0 

2 : o  7 4 
P 



Nozzle U-2 : 154.6 

Project W-320 
by: KHayase 

Comments: Calculation W320-27-048 

io 
< 

10/27/97 1 :11 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 

0 

A16 : 320 

BP Discharge : 157.5 BP Discharge : 157.5 

C1 : 320 

4) Pivot: 116.1 

C2 : 320 

No2 Trans : 107.4 

Nozzle : 0 

EP Suction : 36.9 

o e o ,  o e o  

Si 43.16 Siphon2 : 0 

Transition : 56.19 

IP Discharge : 58.73 

Immersible Pmp : 1128.8) oeo 

2 : o  

pressure: psig 1 Version: PIPE-FLO ver 5.01 level & grade: ft -- 



HNF-2478, Rev. 0 



Nozzle U-2 : 177.2 

Project W-320 
by: KHayase 

Comments: Calculation W320-27-048 

0 

10/27/97 1 3 2  pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 

C' : 340 

4, Pivot: 131.3 

C2 : 340 

Version: PIPE-FLO ver 5.01 

NozTranr: 121.2 t 

plressure: psig 
level 8 grade: ff 

Nozzle : 0 

A 6 : 340 

EP Discharge : 180.2 i 
BP SuCtion : 35.66 

0 0 0  

Si 

Transition : 55.32 

IP Discharge : 58.11 

o e o  Immersible Pmp : (127.5) 



Nozzle U-2 : 188.9 

AY3 

A\2 

Nozzle 6 : 

: 319.4 

Transition : 54.88 

: 379.4 

BP Suction : 35.02 

O @ O  

O @ O  

N o d e  : 0 

350 

Pivot: 139.2 

: 350 

Noz Trans : 128.5 

Siphon1 : 0 Siphon2 : 0 

L ?  Immersible Pmp : 1126.81 

-1 
P 

AY1 : 379.4 TK 241-AY-102 : 0 

<' ' 
O @ O  N) 

h 
0 

Project: W-320 
by: KHayase 

Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Linelist: SN-05 
Lineup: SN-05 

flow rate: gprn 
pressure: psig 

level & grade: 



Nozzle U-2 : 201 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Norrl 

10/27/97 1:12 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gp,m 
pressure: pag 

level & grade: ft 

I 
7 
&! 
.I m 

0 

O @ O  

Nozzle : 0 

360 

Pivot: 147.3 

: 360 

Noz Trans : 135.9 

BP Suction : 34.36 

Siphon1 : 0 

Transition : 54.42 

IP Discharge : 57.46 u 

4 
6.1 

0 
0 

c3 

r 

Immersible Pmp : (126.1) 

\ 

4 
AYl : 389.2 TK 241-AY-102 : 0 



Nozzle U-2: 213.4 

4, BP Suction : 33.7 

O @ O  

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Naule : 0 

10/27/97 1:12pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psis 

level & grade: ft 

370 

pivot : 155.7 

: 370 

Noz Trans : 143.6 

ischarge : 57.14 

o c o  lmmei~ible Pmp : 1125.41 

AYl : 399 TK241-AY.102:O 

U 



Nozzle U-2 : 226.2 

P 
5 
0 

BP Discharge : 229.4 

FCP@380 : 1429.61 

BP Suction : 33.03 

Transition : 53.5 

IP Discharge : 56.81 0 
3 

Immersible Pmp : 1124.7) 0 

Ih 
NOZ Trans : 151.4 

13 
I 
-I 

P 
Nozzle : 0 

Company: Fluor Daniel Notthwest 
Pro jwt  W-320 

by: K Hayase 
Comments: Calculation W320-27-0411 

Version: PIPE-FLO ver 5.01 

10127197 1 :I 3 pm 
Linelist: SN-05 
Lineup: SN-05 

f low rate: gpm 
pressure: psig 

level 8 grade: ft 



Nozzle U-2 : 239.2 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

AY7 / t  : 390 

10127197 133 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gp,m 
pressure: psis 

level 8 grade: ft 

0 

o e o  

Nozzle : 0 

390 

Pivot: 173.1 

: 390 

No2 Trans : 159.5 

8P Suction : 32.34 

Siphon1 : 0 Siphon2 : 0 

Transition : 53.03 

A 2 : 418.6 i 
IP Discharge : 56.47 i 

Immersible Pmp : (1 241 

TK 241-AY-102 : 0 AY1 : 418.6 

o e o  

0 



Nozzle U-2 : 252.6 

Gompany: Fluor Daniel Northwest 
Projed: W-320 

0 

10/27/97 1:13pm 
Linelist: SN-05 

BP Discharge : 255.9 

FCP@400 : (490.61 

BP Suction : 31.64 

Transition : 52.56 

IP Discharge : 56.1 3 a 
Immersible Pmp : (123.3) cs 

0 
\ 
4 

2 

m 
NOZ Trans : 167.8 

P 
Nozzle : 0 

Lineup: SN-05 
flow rate: gpm 
pressure: psis 

level 8 arade: ft 



Nozzle U-2 : 266.3 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Wersion: PIPE-FLO ver 5.01 

Nozzle 

10/27/97 1:13 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psig 

level & grade: ff 

0 

O@O 

Nozzle : 0 

A\6 :410 

0 BP Discharge: 269.7 

410 

Pivot: 191.5 

410 

No2 Trans : 176.3 

BP Suction : 30.93 

O @ O  

Transition : 52.07 

IP Discharge : 55.79 

Immerrrble Pmp : 1122.61 

AYl : 438.2 

4 
r-, 

O @ O  



0 

HNF-243, Rev. 0 



Nozzle U-2 : 294.7 

C' 

p 
0 

: 430 

A 1 6 : 4 3 0  

0 BP Discharge : 298.2 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1:13 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psig 

level 8 grade: ft 

: 430 

Nor Trans : 193.9 

Nozzle : 0 

FCP@430 : (587.7) 

BP Suction : 29.48 

0 6 0 ,  AT4 I : 430 0 6 0 ,  

Transition : 51.08 

IP Discharge; 55.1 

<I , 
O@O -b 

0 
13 
'7 

! 
TK 241-AY-102 : 0 C )  

IrnmersiblePrnp: (121.1) 

AYl : 457.7 



Nozzle U-2 : 309.4 

0 

O @ O ,  

Nozzle : 0 

140 

'ivot : 220.7 

440 

lor Trans : 203 

@ FCP@440: 1621.6) 

BP Suction : 28.73 

Transition : 50.58 

IP Discharge : 54.75 

9 Immersible Pmp : 1120.4) O @ O  D 
J 
0 
.n -I 

AYl : 467.5 TK 241-AY-102 : 0 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1 :I 3 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psis 

level 8 grade: ft 



Nozzle U-2 : 324.4 

N O U  

I 
f 
k 
5 m 
z 
< 
0 

O@O 

Nozzle : 0 

BP Discharge : 328 

FCP@450 : 1656.1) 

450 

Pivot: 230.9 

: 450 

NorTranr: 212.3 

8P Suction : 27.98 

O@O A f 4:450  o e o  

Transition : 50.07 

IP Discharge : 54.39 

TK 241.AY-102 : 0 0 

lmmerrible Pmp: (119.6) 

AYl : 477.3 

Company: Fluor Daniel Northwest 
Project W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1:14 pm 
Linelist: SN-05 
Lineup: SN-05 

flow rate: gpm 
pressure: psig 

level B grade: ft 



Noule U-2 : 68.09 

o e o  

A t 6  : 220 

BP Discharge : 70.78 

C' : 220 

' Pivot: 57.30 

: 220 1 
No2 Trans : 53.78 i 

Noule : 0 

BP Suction : 44.67 

o e o  o e o  

Transition : 63.46 

IP Discharge : 65.1 1 

lmmer~ible Pmp : (135) 

TK241-AY-102:O AY1 : 251.5 

4 
P 

Company: Fluor Daniel Northwest 10127197 139 pm 
Project: W-320 Linelist: SN-1 0 

by: KHayase Lineup: SN-10 
Comments: Calculation W320-27-048 flow rate: gpm 

pressure: psis 
Version: PIPE-FLO ver 5.01 level 8 grade: ft 



NoAe U-2 : 76.61 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

o e o  

10/27/97 1:20 pm 
Linelist: SN-I 0 
Lineup: SN-10 

flow rate: gp,m 
pressure: psi9 

level & grade: f! 

Node : 0 

AY6 : 230 

BP Discharge : 79.33 

230 

Pivot : 62.65 

230 

Vel Trans : 58.71 

BP Suction : 44.15 1 
o e o  

Siphon2 : 0 

Transition : 63.06 

IP Discharge : 64.82 

0 0 0  

Siphon1 : 0 

@ Immersible Pmp : 1134.41 0 0 0  ‘7 
k-l 
0 
0 
47 

0 
TK 241-AY-102 : 0 AYl : 261.3 



Nozzle U-2 : 85.48 

BP Discharge : 66.24 

FCPe240 : 192.981 

8P Suction : 43.61 

Transition : 62.7 

IP Discharge : 64.53 

0 

w 
Immersible Pmp : 1133.81 

No2 Trans : 63.99 - 
c 

O @ O ,  -7 

c. 1 

Noule : 0 

Project: W-320 
by: KHayase 

Comm@nts: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

.J v-! 
10/27/97 1 :20 pm 

Linelist: SN-10 
Lineup: SN-10 

flow rate: gp,m 
pressure: psis 

level 8 grade: ft 



Nozzle U-2 : 94.7? 

Company: Fluor Daniel Northwest 
Project W-320 

Nozzle : 0 

10/27/97 1 :20 pm 
Linelist: SN-10 

BP Discharge : 97.5 

FCPe250: 1113.31 

Transition : 62.31 

IP Discharge : 64.24 

Immersible Pmp : (133.21 
No2 Trans : 69.43 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Lineup: SN-10 
flow rate: gpm 
pressure: psig 

level (L arade: ft 



Nozzle U-2 : 104.3 

P Discharge : 107.1 

FCPe260 : (134.31 

P Suction : 42.49 

Transition : 61.9 

IP Discharge : 63.94 

'I 
5 
P 
-4 m 
;D 
< 
0 

oeo 

Nozzle : 0 

260 

"ivot : 80.73 

260 

Uoz Trans : 75.08 
oeo 

0 

Lr! 

I 

w 

0 
m 

' 290.9 TK 241-AY-102 : 0 ? 
4 
P 

Project: W-320 
by: KHayase 

Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1 2 0  pm 
Linelist: SN-10 
Lineup: SN-10 

flow rate: gp,m 
pressure: psig 

level 8 grade: R 



0 
> 
2 



Nozzle U-2 : 124.5 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comment..: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

0 

10127197 1 :20 pm 
Linelist: SN-10 
Lineup: SN-iO 

flow rate: gpm 
prcssu~e: psi9 

level & grade: ft 



Nozzle U-2 : 135.1 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

A\6 : 290 

4 )  BP Discharge : 138.1 

10127197 1:21 pm 
Linelist: SN-10 
Lineup: SN-10 

flow rate: gp,m 
pressure: psi9 

level & grade: ft 

C. : 290 

Pivot : 100.8 

c2 : 290 

No1 Trans : 93.39 

BP Suction : 40.72 

o e o  o e o  

Transition : 60.65 

IP Discharge : 63.01 

Immersible Pmp : 1130.81 

' 320.4 TK 241-AY-102 : 0 

oeo 

Nozzle : 0 



Nozzle U-2 : 146.1 

Company: Fluor Daniel Northwest 
Project W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

o e o  

10/27/97 1:21 pm 
Linelist: SN-1 0 
Lineup: SN-10 

flow rate: gpm 
pressure: psis 

level B grade: ft 

C' : 300 

4 )  Pivot: 107.9 

: 300 

No1 Trans : 99.93 I 
Nozzle : 0 

8P Suction : 40.1 

o e o  o e o  

Transition : 60.22 

IP Discharge : 62.7 

Immersible Pmp : (130.11 

TK 241-AY-102 : 0 AY1 : 330.3 



Nozrle U-2 : 157.4 

AY7 : 31- 

O @ O  

Nozzle : 0 

310 

Pivot : 11 5.4 

: 310 

Nor Trans : 106.7 

BP Suction : 39.47 

O @ O  

Transition : 59.78 

IP Discharge : 62.37 ? 
bl 
c4 

O@O 0 

9 
Immersible Pmp : (129.5) 

AYl : 340.1 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

TK 241-AY-102 : 0 -4 
P 

Linelist: SN-10 
Lineup: SN-10 

flow rate: gpm 
pressure: psis 

level B grade: 



Nozzle U-2 : 169.1 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

O @ O  

Nozzle : 0 

' 1Oi27i97 1:21 pm 
Linelist: SN-1 0 
Lineup: SN-10 

flow rate: gp,m 
pressure: psi9 

level 8 grade: f i  

BP Discharge : 172.2 

all : 169.4 

320 

Pivot : 123 

: 320 

N O L  Trans : 11 3.7 

BP Suction : 38.82 

O @ O  O @ O  

Transition : 59.33 

IP Discharge : 62.05 

o e o  

TK 241-AY-102 : 0 

Immersible Pmp : I1 28.81 

AY1 : 349.9 



Nozzle U-2 : 181.1 

O @ O ,  

P Discharge : 184.2 

FCP@330 : (302.7) 

P Suction : 38.1 7 

Transition : 58.88 

IP Discharge : 61.72 c;; 
I 
cn 

Immersible Pmp : (128.2) 0 No2 Trans : 120.9 
0 

“7 

0 
\ 

Nozzle : 0 

Company: Fluor Daniel Northwest 
Project W-320 

by: K Hayase 
Comments: Calculation W320-27-048 L Version: PIPE-FLO ver 5.01 

4 
Y-! 

Linelist: SN-t 0 
Lineup: SN-10 

flow rate: gpm 
pressure: psig 

level B grade: ft 



- 
W 

u 
0 



HWF-2478, Rev. 0 



Nozzle U.2 : 219.2 

Company: Fluor Daniel Nofthwest 
Project: W-320 

Nozzle 6 

10/27/97 1 :22 pm 
Linelist: SN-10 

360 

I z 
6 
t; 
W 

0 

o e o  

Nozzle : 0 

/ 

/ 

Pivot : 156 

: 360 

NorTranr: 143.8 

P Discharge : 222.5 

FCP1360: 1386.11 

P Suetian: 36.12 

o e o  0 9 0  

Transition : 57.47 

IP Discharge : 60.7 t 
Q Immersible Pmp: (126.11 o e o  

1.A 
AYl : 389.2 TK 241-AY-102 : 0 

m 
b’ 

4 7  

0 

a 

Lineup: SN-10 
flow rate: gp,m 
pressure: psi9 

level & grade: fl 



0 

N 

N 

; 
2 - 
P 

rn N 

0 

3 
P 

HNF-2478, Rev. 0 



Nozile U-2 : 246.4 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

BP Discharge : 249.8 

FCP@380 : 1445.51 

BP Suction : 34.69 

Transition : 56.49 

IP Discharge : 60.01 

Immersible Pmp : 1124.71 
No1 Trans : 160.2 

Nozzle : 0 

10/27/97 122 pm 
Linelist: SN-IO 
Lineup: SN-10 

flow rate: gpm 
pressure: psi9  

level B grade: ft 

c3 



Nozzle U.2 : 260.5 

C.  

I z -n 
k! 
rl W 

: 390 

i b  Pivot: 183.3 

p 
0 

Company: Fluor Daniel Northwest 
Project W-320 

Nozzle 6 : 178 (J 

10/27/97 1 :22 pm 
Linelist: SN-10 

: 390 

Nor Trans : 168.8 

o e o  

Nozzle : 0 

P Discharge : 264 

FCP@390 : (476.3) 

P Suction : 33.95 

Transition : 55.99 

A 2 :418.5 I 
IP Discharge : 59.65 

ImmerSible Pmp : 1124) 

AYl : 418.5 TK 241-AY-102 : 0 

Lineup: SN-10 
flow rate: gp,m 
pressure: psig 

level 8 grade: ft 



0 

0 

0 

B 
B 

@ 

HNF-2478, Rev. 0 
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HNF-2478, Rev. 0 
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HNF-2478, Rev. 0 





Nozzle U-2 : 336.2 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Nozzle 

10/27/97 1 :23 pm 
Linelist: SN-10 
Lineup: SN-1 0 

flow rate: gp,m 
pressure: psig 

level 8 grade: ft 

A \ 6  : 440 

0 8P Discharge : 340 

A I  5 : 440 

BP Suction : 30.1 

C. : 440 A44 : 440 o e o  

Siphon1 : 0 Siphon2 : 0 

: 467.4 

f Pivot : 233.7 

: 440 

NozTranr: 214.7 

Transition : 53.39 

IP Discharge : 57.83 

A - 
Immersible Pmp : (120.4) 

0 
'h 

7 ' 467'4 TK 241-AY-102 : 0 

4 
P 



0 

HNF-2478, Rev. 0 



FLUOR DANIEL Calc. No.: W320-27-048 

NORTHWEST INC. Revision: 0 

DESIGN ANALYSIS Page No.: E -0 of I07 
WO/Job No.: E09141NV-320 

Checked: 3 / 5 9 g By 6 d  

Client: Numatec 

Subject: SlurrylSupernate Hydraulic Analysis Date: By: Kelly Hayase 

Location: 241 -C/241 -AY Revised: By: 

APPENDIX E 

Pipe-Flo Results (for system curves) SL-00 
Pipe-Flo Results (for system curves) SL-10 
Pipe-Flo Results (for system curves) SL-20 
Pipe-Flo Results (for system curves) SL-30 

Page E-I  
Page E-25 
Page E-51 
Page E-79 

FDNW cxcumnoN SHEU HNF-2478, Rev. 0 HM)RO.WPD 



C5 : 270 

BP Discharge : 45.9 

4 : 210 

BP Suction : 41.63 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Micro Out: -14.76 

Distributor: -14.72 

10127197 1:46 pm 
Linelist: SL-00 
Lineup: SL-00 

flow rate: gp,m 
pressure: psig 

level 8 grade: ft 

0 

Transition : 56.28 

IP Discharge : 57.67 

ImmerSible Pmp : 1133.9) 

ank 241-C-106 : 0 

D : 2 7 0  

oeo 

TO 

m 
I 
.5 
4 

Bot Nozl : 0 Bot1 : 0.557 Bot : 0.668 Bot2 : 0.557 Bot Nor2 : 0 
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: 320 

D 

BP Discharge : 63.5 

BP Suction : 39.1 7 

3 : 320 

Transition : 54.44 

2 : 320 

IP Discharge : 56.29 

: 320 

Immersible Pmp : (130.8) 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

ank 241-(-106 : 0 

10/27/97 1 :47 pm 
Linelist: SL-00 
Lineup: SL-00 

flow rate: gp,m 
pressure: psi9 

level 8 grade: ft 

oeo 

Micro Out: -13.94 

A 3 : 320 t 
f Distributor: -14.1 

Siphon : -10.89 t 2 : 320 O @ O  

Top Nozl : 0 Top No22 : 0 
Tap 

Bot1 : 0.742 Bot : 0.690 

BN4 : 95.4 

Bot2 : 0.742 Bot No22 : 0 



0 

BP Discharge : 67.34 

FCP@330 : (67.58) 

4 : 330 

BP Suction : 38.64 

3 : 330 d 
Transition : 54.05 t 
IP Discharge : 56.01 

ImmerSible Pmp: (130.1) 

ank241-C-106: 0 

Micro Out : -13.77 

A 3 : 330 

Distributor: -13.97 

Siphon : -10.77 

t 
090, 0 9 0 ,  

Bot Nozl : 0 Bot1 : 0.782 Bot: 0.938 Bot2 : 0.762 Bot No12 : 0 

Company: Fluor Daniel Northwest 
Projeet: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1 :47 E 
Linelist: SL-00 
Lineup: SL-00 

flow rate: gpm 
pressure: psis 

level & grade: ft 
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BP Discharge : 132 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

10/27/97 130 pm 
Linelist: SL-00 
Lineup: SL-00 

flow rate: gpm 

@ FCP@470: (237.51 

BP Suction : 30.1 

Transition : 47.86 

IP Discharge : 51.58 

Immersible Pmp : (120.21 

ank 241-C-106 : 0 

I Version: PIPE-FLO ver 5.01 I pressure: psig 
level 8 grade: ft 
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C5 : 250 Micro Out : -16.63 

BP Discharge : 53.26 I 
FCP@250: (12.911 

BP Suction : 47.46 i 
3 : 250 1 

Transition : 63.76 

2 : 250 

IP Discharge : 65.15 

Immersible Pmp : 1135.11 

ank 241-C-106 : 0 

Distributor: -16.54 

tr\ 

P 
0 

4 
rn 

0 

- 
.I 
4 

Bot No11 : 0 Bol l  : 0.554 Bot : 0.665 Bot2 : 0.554 Bot No12 : 0 

Company: Fluor Daniel 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 1 5 1  pm 
Linelist: SL-10 
Lineup: SL-I 0 

flow rate: gp,m 
pressure: psi9 

level & grade: ft 
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c 5  : 280 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Micro Out: -16.1 t 

10/27/97 1 5 2  pm 
Linelist: SL-10 
Lineup: SL-10 

flow rate: gpm 
pressure: psi9 

level 8 grade: ft 

A 3 280 4 :  

0 

BP Discharge : 65.59 

BP suction : 45.89 

3 : 280 

Transition : 62.59 

2 : 280 

IP Discharge : 64.27 

Immersible Pmp : (1 33.31 

ank241-C-106: 0 

Distributor : -16.13 

O@O 

Top No22 : 0 



r- 
0 - 

. .  
o e o  



HNF-2478, Rev. 0 
r 



HNF-2478, Rev. 0 



HNF-2478, Rev. 0 



HNF-2478, Rev. 0 
r 



0 

0 
@ 

HNF-2478, Rev. 0 



LL 1.1 : 108 0 : LION 108 0 : ZZON 108 

r- 
0 - 



0 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 

O Q O  

10/27/97 153 pm 
Linelist: SL-10 
Lineup: SL-10 , 

C5 : 360 

8P Discharge : 104 

BP Suction : 41.12 

3 : 360 

Transition : 59.1 

2 : 360 

IP Discharge : 61.71 

Immersible Pmp : 1128.1) 

ank241-C-106 : 0 

Micro Out: -14.41 t 
A 3:360 1 

Distributor : -14.82 t 
D :360 1 

Siphon : .11.38 i 
42 : 360 O@O 

Top No12 : 0 Top Nor1 : 0 

- 
O@O 0 

A 

B Bot No22 : 0 
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C5 : 380 1 

Company: Fluor Daniel Northwest 
Project W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

i Micro Out: -13.93 

10l27197 153 pm 
Linelist: SL-10 
Lineup: SL-10 

flow rate: gpm 
pressure: psig 

level & grade: ft 

0 

BP Discharge: 114.8 I 
FCP@380 : (156.4) 

4 : 380 

BP Suction : 39.8 

Transition : 58.15 

IP Discharge : 61.02 

Immersible Pmp : (126.81 

ank 241-C-106 : 0 

A 3 : 3 8 0  1 
Distributor : -14.45 t 

D :380 

7 ! Siphon : -1 1.05 

0 8 0  O@O : 380 

-I TNl : 78.89 

- 
0 
4 

8 0012: 1.131. Bot No22 : 0 Bot : 1.356 
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Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

C5 : 470 

BP Discharge : 169.4 

FCP@470 : (283.3) 

BP Suction : 33.26 

3 : 470 

Transition : 53.49 

2 : 470 

10/27/97 155  pm 
Linelist: SL-10 
Lineup: SL-10 

flow rate: gpm 
pressure: psig 

level B grade: fb 

IP Discharge: 57.73 

lmmemble Pmp: 1120.2) 

ank241.C-106: 0 

Micro Out : -1 1.47 

A 3 : 470 t Distributor: -12.55 

0 :470 I 
O@O \-n 

-s? 
J 

", 
TO 

O @ O  \71 
\ - 
Q\ - 

Bot1 : 1.672 Bot: 2.005 Bot2 : 1.672 Bot No12 : 0 Bot No21 : 0 
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Nozzle 9 : 1: 

I 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

I 
Z z 
P -l OD 

10127197 1:55 pm 
Linelist: SL-10 
Lineup: SL-10 

flow rate: gpm 
pressure: psis 

level 8 grade: ft 

C5 : 490 

BP Discharge : 182.9 

'I' FCP8490: 1314.5) 

4 : 490 i; BP Suetian : 31.67 

3 : 490 d 
Transition : 52.38 t 
IP Discharge: 56.96 

immersible Pmp : 1118.61 

m k  241-C-106 : 0 

O @ O  

Micro Out: -10.86 

A 3 : 4 9 0  

Distributor: -12.08 1 
0 :490  

' Siphon : -8.995 a 2 : 490 0 8 0  

Top No11 : 0 TOP No12 : 0 

vi- 

- 
0 
.-A 

Bot : 2.167 Bot2 : 1.807 Bot No22 : 0 Bot No21 : 0 Bot1 : 1,807 



Nozzle 9 : 

z 
5. 
0 

185.1 

Nozzle U.11 : 11.37 

I-Y1 : 500 

Micro 10 : 10.97 

E Y 2 : 5 0 0  

Micro Out : -10.55 
C5 : 500 

A 3 : 500 I BP Discharge : 189.8 

FCPI500 : (330.51 

4 : 500 

BP Suction : 30.86 

3 : 500 

Transition : 51.81 I 
IP Discharge : 56.57 

Immersible Pmp : (1 17.8) 

ank 241-C-106 : 0 

Distributor : .11.84 

? 
ln 
0 

-17 
0 

\77 

0 
4 
- 

6.312 : 1.877 Bat N o d  : 0 

Linelist: SL-10 
by: KHayase Lineup: SL-10 

Project: W-320 

flow rate: gpm 
pressure: psig 

Comments: Calculation W320-27-048 

level 8 grade: 
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Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

2J 
5 
0 

10127197 157 pm 
Linelist: SL-20 
Lineup: SL-20 

flow rate: gpm 
pressure: psig 

level 8 grade: ff 

oeo 

(c5 : 280 

BP Discharge : 86.06 

BP Suction : 47.12 

3 : 280 

Transition : 64.73 I 
IP Discharge : 66.54 i 

lmrneriible Pmp : 1133.3) 

ank 241-C-106 : 0 

O@O 

1 MicroOut:-l6.17 

A 3 : 2 8 0  i 
Distributor : -1 6.25 i 

D :280  I ' Siphon : -12.6 

o m 0  

Top Nozl : 0 
Top 

- 
Top No12 : 0 

In 
6.- 
'? 
-l 

\TI 

0 
4 

, - 

Bot : 0.834 Bot2 : 0.696 Bot N0z2 : 0 Bot No21 : 0 Bot1 : 0.696 
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5 
0 

AY2 : 310 

61 Micro Out: .15.48 C5 : 310 

A 1 3 : 3 1 0  

0 BP Discharge : 103.1 

Nozzle 9 : 100.1 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculaiion W320-27-048 

10/27/97 158 pm 
Linelist: SL-20 
Lineup: SL-20 

flow rate: gpm 

F C P I 3 l O :  (116.6) 

BP Suction : 45.29 

Transition : 63.43 

2 : 310 

Discharge : 65.57 

Immersible Pmp: 1131.4) 

ank241-C-106:O 

Distributor: -15.7 

O @ O  

TNZ : 62.18 

Top No12 : 0 

' 17 

0 
4 

0 0 0  , - 
Bot2 : 0.826 Bot Ne22 : 0 Bot No21 : 0 Bot1 : 0.826 Bot : 0.990 

pressure: psis 
level 8 grade: ff Version: PIPE-FLO ver 5.01 
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C5 : 340 

EP Discharge: 121.4 

4 : 340 

BP suction : 43.34 

3 : 340 

Transition : 62.04 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Micro Out : -14.72 f 

10/27/97 1 :58 pm 
Linelist: SL-20 
Lineup: SL-20 

flow rate: gp,m 
pressure: psig 

level & grade: ft 

0 

IP Discharge : 64.57 

Immersible Pmp : 1129.5) 

ank 241-C-106 : 0 

A 3 : 340 I 
Distributor : -15.1 

Siphon : -1 1.62 

O@O 

Bot: 1.162 Bot2 : 0.970 Bot No12 : 0 Bot No21 : 0 Bot1 : 0.970 
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08E : 53 



Nozzle U-11 : 3.261 

I.Y1 : 390 

Micro In: 3.219 

Nozzle 9 : 151 
AY2 : 390 

A\ 

Dl 

I z 

3 : 390 

0 Distributor: -14.01 

: 390 

Siphon: -10.68 

C5 : 390 

Company: Fluor Daniel Northwest 
Project W-320 

by: KHayase 
Comments: Calculation W320-27-048 

BP Discharge : 154.8 I 

10/27/97 1 :59 pm 
Linelist: SL-20 
Lineup: SL-20 

flow rate: gpm 

BP Discharge : 154.8 

FCPe390: (231.11 

BP suc tm : 39.83 

I 
2 

0)  

I 
5 
0 

FCPe390: (231.11 

4 : 390 

BP suc tm : 39.83 

-' P d 
?I 
I 
0)  

5 
0 

3 : 390 d 
Transition : 59.57 

2 : 390 

& IP Discharge : 62.79 

Immersible Pmp: 1126.11 

ant  241-C-106: 0 

i.. 
Top No71 : 0 Top No22 : 0 

6.31: 1.485 Bot2 : 1.239 Bot No12 : 0 Bot No21 : 0 Bot1 : 1.239 

I Version: PIPE-FLO ver 5.01 
pressure: psig 

level B grade: ft 
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Nozzle 9 : 165.1 

I 
2 
7 
5 
N 

m 

p 
0 

BP Suction : 38.33 

Transition : 58.53 

2 : 410 

IP Discharge : 62.05 

Immersible Pmp : (124.61 

ant 241-C-106 : 0 

Distributor : -13.53 

O@O 

0 

_- ? 
a 

. . .  
O@O 

Bot N a i l  : 0 Bot1 : 1.357 Bot: 1.626 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

Bot2 : 1.357 Bot No12 : 0 

10/27/97 159 pm 
Linelist: SL-20 
Lineup: SL-20 

flow rate: gpm 
pressure: psis 

level 8 grade: ft 
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Micro O u t :  -10.77 i 

Company: Fluor Daniel Nolthwest 
Project: W-320 

C5 : 470 

EP Discharge: 215.6 

4 : 470 

EP Suction : 33.52 

10/27/97 2:OO pm 
Linelist: SL-20 

3 : 470 

Transition : 55.2 i 
by: K Hayase 

Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

2 : 470 

IP Discharge : 59.73 

Lineup: SL-20 
flow rate: gpm 
pressure: psig 

level 8 grade: ft 

Immersible Pmp: 1120.21 

A 3 : 470 

Distributor : -1 1.99 I 
o e o  

Top Nozl : 0 Top No22 : 0 

.! 
cn 

“7 
0 

rn ~ , .  
oeo \ 

0 
4 

- 
Eot Nozl : 0 Bot1 : 1.746 B o t :  2.093 Eat2 : 1.746 Bot No22 : 0 

ank 241-C-106 : 0 
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< Noule 9 : 82.31 

BP Discharge : 84.88 

FCPC230: (66.141 

BPSuction: 51.15 i 

Discharge : 70.35 

Immersible Pmp : 1136.21 

ank 241-C-106 :.O 

Nozzle U-l 1 : -6.1 18 

Micro In : -5.735 

Miero-30% : 9.304 

Micra Out: -17.26 

0 0 0  

A 9  : 230 

Distributor : -17.17 i 
0 :230 1 Siphon : -1 3.37 

42 : 230 O C O  

Top Nozl : 0 Top Nor2 : 0 

Bot Nor1 : 0 Bot1 : 0.531 801 : 0.638 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Bot2 : 0.531 Bot No12 : 0 

I Version: PIPE-FLO ver 5.01 

10/27/97 2:Ol pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gpm 
pressure: psig 

level 8 grade: R 



Noule 9 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

C5 : 240 

BPOischarge: 91.15 

8P Suction : 50.58 

' 10/27/97 2:Ol pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gpm 

Transition : 68.53 

2 : 240 

IP Discharge : 70.05 

Immersible Pmp : (135.6) 

- 
ank 241-C-106 : 0 

O@O 

Micro Out: -17.03 

Distiibutor : -16.99 

' Siphon: .13.21 1 
42  : 240 O@O 

Top No11 : 0 

801 Nozl : 0 Bot1 : 0.566 Bot : 0.680 8012 : 0.566 Bat No22 : 0 

I pressure: psis 
level 8 grade: ft 
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Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Nozzle U-11 : -3.232 

.LY1 : 260 

Micro In: -2.921 

Noute 9 : 101.4 

10127197 2:02 pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gpm 

Micro.30% : 10.82 

BP Discharge: 104.2 

FCPBZGO : I1071 

4 : 260 

BP Suction : 49.4 

3 : 260 

Transition : 67.7 i 
260 

Discharge : 69.43 

Immersible Pmp : (1 34.51 

ank241-C-106:O 

OCO 

Micro Out: -16.55 t 
D i s t r i b ~ t ~ r  : -16.59 

Siphon : -12.88 

c)2 : 260 o e o  

Top No21 : 0 Top:13.551 Top No22 : 0 

\Tc 

00 
w 
0 
h 

rn 
I 

0 --I 
- 

Bot1 : 0.641 Bot : 0.770 Bot2 : 0.641 Bot N0z2 : 0 Bot No11 : 0 

I pressure: psig 
level & grads: ft 



0 



Micro In : -0.947 

Version: PIPE-FLO ver 5.01 ' 

A I 2  : 260 

Micro Out : -16.03 

A 3 :280  1 C5 : 280 

BP Discharge: 118.1 i 

pressure: psig 
IevelBgrade: ft 

FCP@280: 1136.2) 

4 : 280 t BP Suction : 48.1 5 

Distributor: -1 6.18 

D : 2 6 0  t 
Siphon : -12.53 

3 : 280 

Transition : 66.83 

IP Discharge : 68.78 

Immersible Pmp: 1133.3) 

ant 241-C-106 : 0 

O@O O@O 

T 
00 
Ln 

TO 
0 

O@O + 
IT I 

\ 

0 
1 

Bot Nozl : 0 Bot1 : 0.721 Bot : 0.866 Bot2 : 0.721 Bot No22 : 0-J 

Company: Fluor Daniel Northwest 
Project W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Linelist: SL-30 
Lineup: SL-30 

flow rate: gpm 



C5 : 290 

0 

Micro Out: -1 5.76 t 

:290 b 
m 
P 4 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

5 
0 

1 Oi27197 2:02 pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gpm 
pressure: psis 

level 8 grade: ff 

O @ O  

BP Discharge : 125.2 1 
FCP@Z$O: 1151.31 

4 : 290 

BP Suction : 47.5 

3 : 290 d 
Transition : 66.38 

2 : 290 

IP Discharge : 68.45 

Immersible Pmp: 1132.71 

ank 241-C-106 : 0 

O @ O  

A 3 : 2 9 0  1 
Oirtrlbutor: -15.96 

Siphon : -12.35 

O @ O  

TNl : 57.06 

Top Nor2 : 0 

I 
Top Nozl : 0 

T, 
00 
m 
0 
h, 

Bot No21 : 0 Bot1 : 0.764 Bot: 0.918 Bot2 : 0.764 
- 

Bot No22 : 0 
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C5 : 400 

8P Discharge: 215.5 I 
D 

Micro Out : -12.28 i 

:400 

0 

Company: Fluor Daniel Northwest 
Project: W-320 

3 : 400 i 

10127197 2:04 pm 
Linelist: SL-30 

Transition : 60.85 

IP Discharge : 64.49 

ImmerSible Pmp : (125.4) 

ank 241-C-106 : 0 

A 3:400 1 
Distributor : -1 3.1 5 I 

m 
4 
4 

\ 

0 9 0  0 9 0  

0 
+-) 

6 , - 
0 i 

Bat No22 : 0 801 Nozl : 0 BO11 : 1.347 8ot:1.612 Bet2 : 1.347 

Lineup: SL-30 
flow rate: gp,m 
pressure: psis 

level 8 arade: R 



Nozzle 9 

Company: Fluor Daniel Northwest 
Project: W-320 

by: K Hayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

0 

10/27/97 2:04 pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gp,m 
pressure: psi9  

level 8 grade: ft 

Nozrle U-11 : 13.91 

0 Micro In : 13.73 

: 220.2 
A"2 : 41 0 

C5 : 410 Micro Out : -1 1.91 

BP Discharge : 224.8 1 
FCPC410: 1361.2) 

4 : 410 

EP Suction : 38.59 

Transition : 60.3 

2 : 410 

IP Discharge : 64.1 1 

Immersible Pmp : 1124.61 

O @ O  

A 3 : 410 1 
Distributor : -12.86 

D :410 i 
Siphon : -9.731 

O@O 

Toe No11 : 0 TOP No22 : 0 

9 
oc! 

0 
x, 
m' 

oeo I - 
2 

Bot1 : 1.408 Bot : 1.686 Bot2 : 1.408 Bot N0z2 : 0 Bot Nozl : 0 

ank 241-C-106 : 0 
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Nozzle 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

FCP@460 : (463.51 

4 : 460 

BP Suction : 34.28 

10/27/97 2 0 5  pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gp,m 
pressure: psis 

level EL grade: ft 

3 : 460 
0 

Transition : 57.4 i 
2 : 460 

IP Discharge: 62.1 

Immersible Pmp: (120.9) 

Distributor : -1 1.33 t 
Siphon : -8.431 

- 
CI 

O @ O  42 : 460 O @ O  bd 

a, 
m Top No11 : 0 Top : k.068 Top No22 : 0 
- 
3 

Bot No12 : 0 Bot2 : 1.738 Bot No21 : 0 BO11 : 1.738 Bot :  2.08 



Nozzle U-11 : 21.92 

Micro In : 21.5 

Micro-30% : 22.47 

Nozzle 9 : 278 

A13 

D' 

Ic5 : 470 

: 470 

41 Distributor : -1 1.04 

:470 

0 

P Discharge : 283.5 

FCPe470 : (484.91 

8P Suction : 33.38 

Transition : 56.8 

IP Discharge : 61.68 

ImrnerSible Pmp : (120.21 

ank241-C-106:O 

Company: Fluor Daniel Northwest 
Project: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 2 : 0 5 7  
Linelist: SL-30 
Lineup: SL-30 

flow rate: 9p.m 
pressure: psis 

level 8 arade: ft 



c3 
0 - 
Lu 0 
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0 

r;! 
z 
L1 

F 

a m 

HNF-2478, Rev. 0 



Nozzle 9 : 

0 

Nozzle U-11 : 26.26 

309.1 

Micro Out : -8.304 

A 3 : 500 t C5 : 500 

BP Discharge : 315.1 I 6 FCP@SOO : l551.5) 

4:500 

BP Suction : 30.58 t 
Transition : 54.94 

Discharge : 60.42 

Immersible Pmp : 1117.81 

ank 241-C-106 : 0 

D : 500 1 
Siphon : -7.269 

O@O O@O 

Top Neil : 0 Top No22 : 0 

m 
\ - 
3 
0 

k7 
m 

O@O * "?I. 9R6 R I , -  O@O, 

0 
4 

Bot Nor1 : 0 Bot1 : 2.053 Bot : 2.457 Bot2 : 2.053 Bo1 Nor2 : 0 

Company: Fluor Daniel Northwest 
Projeet: W-320 

by: KHayase 
Comments: Calculation W320-27-048 

Version: PIPE-FLO ver 5.01 

10/27/97 2:06 pm 
Linelist: SL-30 
Lineup: SL-30 

flow rate: gp,m 
pressure: psig 

level 8 grade: ft 



FLUOR DANIEL Cab. No.: W320-27-048 

NORTHWESTINC, Revision: 0 
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Subject: SlurrylSupernate Hydraulic Analysis Date: By: Kelly Hayase 
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L . G \ C J \ C ~ > O A  W320-27-0?8 

Flow Rate vs. Pressure Drop 

Flow Rate (Iblmin) 

Finding pressure drop of process fluids with a viscosity 
neat 1 centipoise (1 cp) 
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 
labeled 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 cp. 

refer to the left side of the graph, which indicates pressure 
drop (in psi 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 lo  water: 

3. From that point, locate the nearest horizontal line, then 

AP- = ApFnmJs.L2he IO 1 a w  

i-l 34 F - 1 2  

Flow Rate (kglhr) 

Finding pressure drop of process fluids with a viscosity 
above 1 centipoise (1 cp) 
1.The pressure drop charts shown above have several 

curves, which represent different viscosity (cp) values. Use 
method a orb, below, to find the process fluid viscosity 

a. For fluids with a viscosity between any two values plotted 
on the English Units or Metric Units graph, interpolate the 
approximate I*,, location. 

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

('",,.n). 

fnwovv = CP,,JCP*"d 

AP = APWes x fwmsw 

2. Multiply the pressure drop indicated on the left side of the 
graph by the fv,,, value from step 1 : 

3.To lind the actual pressure drop. dlv'de the AP from step 2 
by the specific gravity (S) of the process Ilu'd relative to 
water: 

AP,. = @%+,,E.3.m 

HNF-2478, Rev. 0 



c, FACTORS FOR SP-SERIES VALVES 

Cv is defined as the number of US. gallons of water per minute, of ambient 
temperature water that will flow through a valve at 1 psi pressure drop. 

PBM TEST lNFORMATlON 
'acuum Performance 

PBM valves excel under vacuum conditions as 
well as under pressure conditions. An independent 
laboratory routinely tests selected PBM valves 
using Helium at an absolute test pressure of 
l oxs  Torr and measuring leakage using a helium 
mass spectrometer. 

I 4" I S P H - 4 0 - F l 5 2 I  2x10' I 8x10" I 

Cycle Testing 
The lifetime of a ball valve is dependent on the service conditions, and therefore impossible to predict. However, PBM cycle 
tests valves at about 300 times per hour using 100 psid of ambient temperature QJter pressure across the seats when the valve 
is in the closed position -this simulates a force on the seats which causes wear. 
The lifetime of small valves (under 2") is about 50,000 cycles. This lifetime allows for adjustment of the seat preload using the 
Adjust-0-Seal feature. Generally, the seats will last 10,000 to 20,000 cycles without adjustment. Larger valves (2-'h" and 
greater) have about half the wear liietimes (about 25,000 cycles) due to the greater weights and forces on the seats and packings. 
Replacement of gaskets or O-rings is recommended at each disassembly. Replacement of other non-moving pans of the valve 
would only be dictated by the corrosion caused by the flow media - in most applications, your PBiM will operate trouble- 
free for many years. 

b 
HNF-2478, Rev. 0 
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Figure 1.53 - Performance correction chart 
for viscous liquids 
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Figure 1.53 - Performance correction chart 
for viscous liquids 
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HEAD IN FEET (PER STAGE) 

CORRECTION FACTORS 

CAPACIN AND EFFICIENCY HEAD 

I ,  
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Project TitleMlork Order 

Project W-320 Tank 106-C, HNF-2478, Piping Calculations, V o l .  8 
EDT No. 622236 
ECN NO. n/a 

Name 
Text Text Only Attach./ EDT/ECN 

MSlN With All Appendix Only 
Attach. Onlv 


	SSteel
	1-Reducer Enlargement
	1-Elbow Long - r/d 1.5 Q

	SSteel 3 1-Reducer Enlargement
	2-Pipe Bend rld 10 Q
	1-Reducer Contraction


	SSteel
	I-Reducer Enlargement
	I-Elbow Long - rld 1.5 Q

	1-Reducer Enlargement
	2-Pipe Bend rld 10 Q
	l-Reducer Contraction

	I-Reducer Contraction
	I-Reducer Contraction
	2-Pipe Bend r/d 10 Q

	SSteel
	I-Reducer Enlargement

	I-Reducer Enlargement
	Nozzle U-I
	Nozzle
	1-Reducer Contraction
	1-Reducer Contraction
	2-Pipe Bend rld 10 Q

	03 SSteel
	1-Reducer Enlargement

	1-Reducer Enlargement
	1 -Reducer Contraction
	I-Reducer Contraction
	2-Pipe Bend rld 10 Q

	SSteel
	I-Reducer Enlargement

	1-Reducer Enlargement
	c5 BP Discharge Nozzle
	I-Reducer Contraction
	I-Reducer Contraction
	2-Pipe Bend rld 10 Q

	SSteel
	I-Reducer Enlargement

	I-Reducer Enlargement
	10127197 12:35 pm

	Nozzle

