




APPENDIX B 
ESTIMATE OF PROBABLE CONSTRUCTION COSTS 



NAISMITH ENGINEERING, INC. PAGE 1 OF 1

ENGINEERING • ENVIRONMENTAL • SURVEYING PROJECT NO. 007778

600 West 8th Street, Suite 300 • Austin, Texas • 78701 PREPARED BY JRR

Telephone: (512) 708-9322   CHECKED BY JRR

Facsimile: (512) 708-9014    
DATE 7/31/2007

ITEM # DESCRIPTION UNIT QUANTITY UNIT PRICE PRICE
1 Mobilization, Demobilization, Closeout (Max 3% of Bid) LS 1 3% 237,632.04$        
2 Site Preparation (Max 3% of Bid) LS 1 3% 237,632.04$        
3 Traffic Handling with Barricades and Signs MO 15  $   10,000.00 $         150,000.00 
4 Storm Water Pollution Prevention LS 1  $   50,000.00 $           50,000.00 
5 Asphalt Driveway SY 400  $          45.00 $           18,000.00 
6 Gravel Driveway SY 400  $          30.00 $           12,000.00 
7 Topsoil CY 100  $          75.00 $             7,500.00 
8 Sodding SY 400  $          55.00 $           22,000.00 
9 Trench Repair - 6" of Flexible Base (Caliche), 1½" HMAC Type "D" SY 5,000  $          40.00 $         200,000.00 

10 Trench Excavation Safety Protection LF 73,523  $            3.50 $         257,330.50 
11 8" Gravity Sanitary Sewer @ 0'-5' Depth LF 10,351  $          40.25 $         416,627.75 
12 8" Gravity Sanitary Sewer @ 5'-10' Depth LF 32,095  $          43.25 $      1,388,108.75 
13 8" Gravity Sanitary Sewer @ 10'-15' Depth LF 7,153  $          55.25 $         395,203.25 
14 8" Gravity Sanitary Sewer @ 15'-20' Depth LF 805  $          57.50 $           46,287.50 
15 10" Gravity Sanitary Sewer @ 5'-10' Depth LF 2,057  $          49.50 $         101,821.50 
16 10" Gravity Sanitary Sewer @ 10'-15' Depth LF 1,834  $          62.25 $         114,166.50 
17 10" Gravity Sanitary Sewer @ 15'-20' Depth LF 1,443  $          70.25 $         101,370.75 
18 10" Gravity Sanitary Sewer @ 20'-25' Depth LF 857  $          80.00 $           68,560.00 
19 15" Gravity Sanitary Sewer @ 10'-15' Depth LF 2,400  $          90.25 $         216,600.00 
20 15" Gravity Sanitary Sewer @ 15'-20' Depth LF 1,242  $        108.75 $         135,067.50 
21 24" Gravity Sanitary Sewer @ 5'-10' Depth LF 9,903  $          91.25 $         903,648.75 
22 24" Gravity Sanitary Sewer @ 10'-15' Depth LF 2,829  $        100.00 $         282,900.00 
23 24" Gravity Sanitary Sewer @ 15'-20' Depth LF 554  $        120.50 $           66,757.00 
24 Sanitary Manhole @ 0'-5' Depth EA 55  $     2,475.00 $         136,125.00 
25 Sanitary Manhole @ 5'-10' Depth EA 85  $     3,191.75 $         271,298.75 
26 Sanitary Manhole @ 10'-15' Depth EA 31  $     4,513.75 $         139,926.25 
27 Sanitary Manhole @ 15'-20' Depth EA 18  $     5,577.50 $         100,395.00 
28 Sanitary Manhole @ 20'-25' Depth EA 1  $     7,250.25 $             7,250.25 
29 Inside Drop Connection on Manholes (at all Depths) EA 29  $     1,687.00 $           48,923.00 
30 Single Service Connection with Cleanout EA 755  $     1,245.00 $         939,975.00 
31 F.M. 2360 Lift Station and Appurtenances LS 1  $ 350,000.00 $         350,000.00 
32 Mike's Subdivision Lift Station and Appurtenances LS 1  $ 175,000.00 $         175,000.00 
33 East Alto Bonito Lift Station and Appurtenances LS 1  $ 175,000.00 $         175,000.00 
34 Electrical and Controls LS 1  $ 100,000.00 $         100,000.00 
35 8" PVC Force Main LF 2295  $          35.00 $           80,325.00 
36 16" PVC Force Main LF 5568  $          50.00 $         278,400.00 
37 24" Steel Casing Installed by Boring LF 350  $        350.00 $         122,500.00 
38 2-inch Air Relief Assembly (for Force Mains) EA 12 3,500.00$      42,000.00$           

ESTIMATE OF PROBABLE CONSTRUCTION COSTS
CITY OF LA GRULLA - PHASE 3 WASTEWATER COLLECTION SYSTEM - I

TOTAL $8,396,332.08

SEWER  (NEI JOB NO.  7778)

SUBTOTAL $8,396,332.08

Q:\7778 La Grulla Phase 3 Wastewater Collection System - I Design Project\Design\7778 Estimate of Probable Construction Costs.xls



APPENDIX C 
FLEXIBLE PIPE CALCULATIONS FOR SANITARY SEWERS 



APPENDIX C 
 

8” GRAVITY SEWER 
 

ANALYSIS OF COLLECTION SYSTEM PIPING MATERIAL FOR 
THE CITY OF LA GRULLA, STARR COUNTY, TEXAS 

 
 
PURPOSE: These calculations are performed to determine if the proposed flexible pipe collection 

system is capable of withstanding applied live and dead load forces without pipe 
buckling and pipe wall crushing.  Calculations are also performed to check long-term 
pipe deflection, strain, and horizontal bending deflection as stipulated by the TCEQ. 

 
NOTE: Information on pipe properties and pipe material properties within the given information 

was gathered from the following publication: 
 
  Uni-Bell, Handbook of PVC Pipe 
  Design and Construction 
  Fourth Edition, 2001 
  Uni-Bell PVC Pipe Association 
  Dallas, Texas 
 
GIVEN: Gravity Sewer 
  8 in. SDR-26, PVC pipe; Tensile Strength = 6,000psi; Cell Class 12454; 
  E = 400,000 psi; Pipe stiffness = 115 psi; Hydrostatic design basis = 4,000 psi 
  t = 0.240 in; O.D. = 8.4 in. (30 TAC 317.2(a)(2)(A)) 
  Depth of bury to crown of pipe = 3 ft. to 20 ft. 
  Maximum live load = Standard H20 live load 
  Installation temperature = The PVC pipe will be installed under favorable ambient  
  temperature as stipulated by the pipe manufacturer.  (30 TAC 317.2(a)(2)(A)) 
  Unit weight of soil, w = 120 lb/cu.ft. (assumed) 
  Bedding material = Crushed Stone 
  In-situ material = Sand, S 
  Trench width = 24 in. + pipe O.D. 
  Specific weight of water = 0.0361 pci 
 
REQUIRED: Perform: (I.) Live load analysis (30 TAC 317.2(a)(2)(A)) 
    (II.) Pipe buckling analysis (30 TAC 317.2(a)(2)(A)) 
    (III.) Wall crushing analysis (30 TAC 317.2(a)(2)(A)) 
    (IV.) Strain analysis (30 TAC 317.2(a)(2)(A)) 
    (V.) Deflection analysis (30 TAC 317.2(a)(2)(A)) 
    (VI.) Horizontal curvature analysis (30 TAC 317.2(c)(4)) 



SOLUTION: 
(I.)  Live load analysis: 
 

Live load for a H20 (40-ton) truck at depths in one (1) foot increments are shown in the 
following table taken from the above stated reference: 

 
Live Loads on PVC Pipe 

Height of 
Cover (ft) 

Highway H20 
Live Load 
(psi) 

Height of 
Cover (ft)

Highway H20 
Live Load (psi) 

3 4.17 7 1.22 

4 2.78 8 0.69 

5 1.74 10 * 

6 1.39 >12 * 
   * Negligible live load influence 
 
  Maximum live load is at 3 feet for this application. 
 
(II.)  Pipe buckling analysis:  Applied pressure (qp) < Allowable buckling pressure (qa): 
  
 (1.)  Allowable buckling pressure, qa 
   
   qa = 0.4*(32* Rw * B’*Eb * EI/D3)½ 

    where, 
    RW = water buoyancy factor 
    B’ = empirical coefficient of elastic support 
    Eb = modulus of soil reaction 
    E = modulus of elasticity 
    I = moment of inertia 
    D = pipe diameter 
 
  (a.)  Calculate moment of inertia: 
 
   I = t3/12 in units of inches4/linear inch 
     = (0.240)3/12 = 0.001152 inches4/linear inch 
 

(b.)  Calculate the empirical coefficient of elastic support, B’. 
 
   B’ = 1/(1+4*e-0.065H) 

where H is the cover height.  The cover height of 20 feet is the worst case and 
will be used in the buckling calculation. 

    
   B’ = 1/(1+4*e-0.065* 20) = 0.4784 



 
  (c.)  Calculate the water buoyancy factor, Rw. 
 
   Rw  = 1-0.33* hw/h 

where hw is the ground water height above the pipe and h is the cover height.  To 
assume worst case, the water height and the cover height will be considered 
equal, therefore hw/h = 1. 

 
   Rw  = 0.67 
 
   therefore, 
 
  (d.)  qa = 0.4*(32*0.67*0.4784*3000*((400,000*0.001152)/(8.4)3))½ 
 
   = 61.87 psi 
 

(2.)  Calculate pressure applied to pipe under installed conditions, qp 
 
   qp = ww* hw + Rw * Wc/D + live load 
 
  (a.)  Calculate vertical load of soil load on pipe, Wc , per unit length in lb/in. 
 
   Wc = w*H*((D+t)/144) = 120*20*((8.4+0.240)/144) = 144 lb/in 
 
  (b.)  Calculate pressure applied to pipe under installed conditions, 
 
   qp = (0.0361*20*12)+(0.67*144/8.4) + 0 = 20.15 psi  
 

(3.)  If qa > qp ,the pipe installed is acceptable.  61.87 psi > 20.15 psi, OK. 
 
(III.)  Wall crushing analysis: 
 
   Py = w*H = Pc*2*A/O.D. 
     (assuming the pipe is held rigidly, worst case scenario) 
     where, 
     Py = pressure applied vertically on pipe 

Pc  = hydrostatic design basis or hoop tensile stress = 4,000 psi
 A = cross-sectional area of conduit wall per unit length, 

      unit length * t, (sq.in.) 
     H = depth to crown of pipe 
 

  Py = 4,000*2*0.240/8.4 = 228.57 psi 
 
   the height of soil allowed above all 8-in. pipe is: 
 
   H = Py/w = (228.57*144)/120 = 274.29 ft. 



 
(IV.)  Strain analysis: 

As per the referenced text, strain is not a design limiting criteria for PVC pipe. 
 
(V.)  Deflection analysis: 
 

(1.) Calculate the ratio of bedding modulus of soil reaction, Eb, to the in-situ material 
modulus of soil reaction, En’.  Eb and En’ are found utilizing a table developed by Amster 
Howard of the United States Bureau of Reclamation.  

 
    Eb = 3,000 psi for compacted crushed rock 
    En’= 2,000 psi for sand  
 
 (2.) Eb /En’= 3,000/2,000 = 1.5 
 

The value of this ratio must be equal to or less than 1.25.  Otherwise, a zeta factor must 
be calculated which corrects for the effect of the in-situ soil on pipe stability. 

 
 (3.) The ratio is greater than 1.25; therefore, calculate the zeta factor 
  

  zeta = 1.44/(f+(1.44-f)*Eb/En’) 
 
 (4.) 8 in. diameter pipe analysis: 
 
  (a.)  Calculate the pipe to trench width coefficient. 
 
   f = ((b/O.D.)-1)/(1.154+0.444*((b/O.D.)-1) 
   where, 
   b = trench width = 24in. + O.D. = 24 + 8.4 = 32.4 in. 
 
   f = ((32.4/8.4)-1)/(1.154+0.444*((32.4/8.4)-1) 
     = 1.1794 
 
  (b.)  Calculate zeta factor. 
 
   zeta = 1.44/(f+(1.44-f)*Eb/En’)  
           = 1.44/(1.1794+(1.44-1.1794)*3,000/2,000) 
           = 0.9170 
 

(c.)  Calculate pipe stiffness, Ps, to soil stiffness, SSF, ratio. 
 

The value of this ratio must be greater or equal to 0.15 for the following calculations to 
be valid.  Otherwise, a pipe with a higher stiffness value must be chosen. 



 
Ps/SSF = Ps/(0.061*zeta*Eb) 

              = 115/(0.061*0.9170*3,000) 
              = 0.6853 
 
  The ratio is greater than 0.15; therefore, pipe stiffness is O.K. 
 
  (d.)  Calculate predicted deflection. 
 
  For the pipe to be acceptable, the predicted deflection, delY/D, must be less than 5% 
 
   delY/D (%) = (K*(Lp+L1)*100)/((0.149*Ps)+(0.061*zeta*Eb)) 
    where, 
     K = Bedding angle constant.  Assume 0.110 
     Lp = Prism load, (psi) 
 
   (i.)  Calculate prism load, Lp.  
    Lp = w*(H/144) = 120*(20/144) = 16.67 for 20 ft. of cover 
    Lp = w*(H/144) = 120*(3/144) = 2.5 for 3 ft. of cover 
 

(ii.)  delY/D (%) = (0.110*(16.67+0)*100)/((0.149*115)+(0.061*0.9170*3000)) 
        = 0.99% for 20 ft. of cover 
 
   (iii)  delY/D (%) = (0.110*(2.5+5.56)*100)/((0.149*115)+(0.061*0.9170*3000)) 
        = 0.48% for 3 ft. of cover 
 
  Both load extremes reflect predicted deflection of less than 5%.  O.K. 
 
(VI.)  Horizontal curvature analysis:  
 
 Horizontal curvature is not expected for this sanitary sewer system. 



APPENDIX C 
 

10” GRAVITY SEWER 
 

ANALYSIS OF COLLECTION SYSTEM PIPING MATERIAL FOR 
THE CITY OF LA GRULLA, STARR COUNTY, TEXAS 

 
 
PURPOSE: These calculations are performed to determine if the proposed flexible pipe collection 

system is capable of withstanding applied live and dead load forces without pipe 
buckling and pipe wall crushing.  Calculations are also performed to check long-term 
pipe deflection, strain, and horizontal bending deflection as stipulated by the TCEQ. 

 
NOTE: Information on pipe properties and pipe material properties within the given information 

was gathered from the following publication: 
 
  Uni-Bell, Handbook of PVC Pipe 
  Design and Construction 
  Second Edition, 2001 
  Uni-Bell PVC Pipe Association 
  Dallas, Texas 
 
GIVEN: Gravity Sewer 
  10 in. SDR-26, PVC pipe; Tensile Strength = 6,000psi; Cell Class 12454; 
  E = 400,000 psi; Pipe stiffness = 115 psi; Hydrostatic design basis = 4,000 psi 
  t = 0.300 in; O.D. = 10.50 in. (30 TAC 317.2(a)(2)(A)) 
  Depth of bury to crown of pipe = 3 ft. to 20 ft. 
  Maximum live load = Standard H20 live load 
  Installation temperature = The PVC pipe will be installed under favorable ambient  
  temperature as stipulated by the pipe manufacturer.  (30 TAC 317.2(a)(2)(A)) 
  Unit weight of soil, w = 120 lb/cu.ft. (assumed) 
  Bedding material = Crushed Stone 
  In-situ material = Sand, S 
  Trench width = 24 in. + pipe O.D. 
  Specific weight of water = 0.0361 pci 
 
REQUIRED: Perform: (I.) Live load analysis (30 TAC 317.2(a)(2)(A)) 
    (II.) Pipe buckling analysis (30 TAC 317.2(a)(2)(A)) 
    (III.) Wall crushing analysis (30 TAC 317.2(a)(2)(A)) 
    (IV.) Strain analysis (30 TAC 317.2(a)(2)(A)) 
    (V.) Deflection analysis (30 TAC 317.2(a)(2)(A)) 
    (VI.) Horizontal curvature analysis (30 TAC 317.2(c)(4)) 



SOLUTION: 
(I.)  Live load analysis: 
 

Live load for a H20 (40-ton) truck at depths in one (1) foot increments are shown in the 
following table taken from the above stated reference: 

 
Live Loads on PVC Pipe 

Height of 
Cover (ft) 

Highway H20 
Live Load 
(psi) 

Height of 
Cover (ft)

Highway H20 
Live Load (psi) 

3 4.17 7 1.22 

4 2.78 8 0.69 

5 1.74 10 * 

6 1.39 >12 * 
   * Negligible live load influence 
 
  Maximum live load is at 3 feet for this application. 
 
(II.)  Pipe buckling analysis:  Applied pressure (qp) < Allowable buckling pressure (qa): 
  
 (1.)  Allowable buckling pressure, qa 
   
   qa = 0.4*(32* Rw * B’*Eb * EI/D3)½ 

    where, 
    RW = water buoyancy factor 
    B’ = empirical coefficient of elastic support 
    Eb = modulus of soil reaction 
    E = modulus of elasticity 
    I = moment of inertia 
    D = pipe diameter 
 
  (a.)  Calculate moment of inertia: 
 
   I = t3/12 in units of inches4/linear inch 
     = (0.300)3/12 = 0.00225 inches4/linear inch 
 

(b.)  Calculate the empirical coefficient of elastic support, B’. 
 
   B’ = 1/(1+4*e-0.065H) 

where H is the cover height.  The cover height of 20 feet is the worst case and 
will be used in the buckling calculation. 

    
   B’ = 1/(1+4*e-0.065* 20) = 0.4784 



 
  (c.)  Calculate the water buoyancy factor, Rw. 
 
   Rw  = 1-0.33* hw/h 

where hw is the ground water height above the pipe and h is the cover height.  To 
assume worst case, the water height and the cover height will be considered 
equal, therefore hw/h = 1. 

 
   Rw  = 0.67 
 
   therefore, 
 
  (d.)  qa = 0.4*(32*0.67*0.4784*3000*((400,000*0.00225)/(10.5)3))½ 
 
   = 61.87 psi 
 

(2.)  Calculate pressure applied to pipe under installed conditions, qp 
 
   qp = ww* hw + Rw * Wc/D + live load 
 
  (a.)  Calculate vertical load of soil load on pipe, Wc , per unit length in lb/in. 
 
   Wc = w*H*((D+t)/144) = 120*20*((10.5+0.300)/144) = 180 lb/in 
 
  (b.)  Calculate pressure applied to pipe under installed conditions, 
 
   qp = (0.0361*20*12)+(0.67*180/10.5) + 0 = 20.15 psi  
 

(3.)  If qa > qp ,the pipe installed is acceptable.  62.87 psi > 20.15 psi, OK. 
 
(III.)  Wall crushing analysis: 
 
   Py = w*H = Pc*2*A/O.D. 
     (assuming the pipe is held rigidly, worst case scenario) 
     where, 
     Py = pressure applied vertically on pipe 

Pc  = hydrostatic design basis or hoop tensile stress = 4,000 psi
 A = cross-sectional area of conduit wall per unit length, 

      unit length * t, (sq.in.) 
     H = depth to crown of pipe 
 

  Py = 4,000*2*0.300/10.5 = 228.57 psi 
 
   the height of soil allowed above all 10-in. pipe is: 
 
   H = Py/w = (228.57*144)/120 = 276.29 ft. 



 
(IV.)  Strain analysis: 

As per the referenced text, strain is not a design limiting criteria for PVC pipe. 
 
(V.)  Deflection analysis: 
 

(1.) Calculate the ratio of bedding modulus of soil reaction, Eb, to the in-situ material 
modulus of soil reaction, En’.  Eb and En’ are found utilizing a table developed by Amster 
Howard of the United States Bureau of Reclamation.  

 
    Eb = 3,000 psi for compacted crushed rock 
    En’= 2,000 psi for sand  
 
 (2.) Eb /En’= 3,000/2,000 = 1.5 
 

The value of this ratio must be equal to or less than 1.25.  Otherwise, a zeta factor must 
be calculated which corrects for the effect of the in-situ soil on pipe stability. 

 
 (3.) The ratio is greater than 1.25; therefore, calculate the zeta factor 
  

  zeta = 1.44/(f+(1.44-f)*Eb/En’) 
 
 (4.) 10 in. diameter pipe analysis: 
 
  (a.)  Calculate the pipe to trench width coefficient. 
 
   f = ((b/O.D.)-1)/(1.154+0.444*((b/O.D.)-1) 
   where, 
   b = trench width = 24in. + O.D. = 24 + 10.5 = 34.5 in. 
 
   f = ((34.5/10.5)-1)/(1.154+0.444*((34.5/10.5)-1) 
     = 1.05387 
 
  (b.)  Calculate zeta factor. 
 
   zeta = 1.44/(f+(1.44-f)*Eb/En’)  
           = 1.44/(1.05387+(1.44-1.05387)*3,000/2,000) 
           = 0.8818 
 

(c.)  Calculate pipe stiffness, Ps, to soil stiffness, SSF, ratio. 
 

The value of this ratio must be greater or equal to 0.15 for the following calculations to 
be valid.  Otherwise, a pipe with a higher stiffness value must be chosen. 



 
Ps/SSF = Ps/(0.061*zeta*Eb) 

              = 115/(0.061*0.8818*3,000) 
              = 0.7127 
 
  The ratio is greater than 0.15; therefore, pipe stiffness is O.K. 
 
  (d.)  Calculate predicted deflection. 
 
  For the pipe to be acceptable, the predicted deflection, delY/D, must be less than 5% 
 
   delY/D (%) = (K*(Lp+L1)*100)/((0.149*Ps)+(0.061*zeta*Eb)) 
    where, 
     K = Bedding angle constant.  Assume 0.110 
     Lp = Prism load, (psi) 
 
   (i.)  Calculate prism load, Lp.  
    Lp = w*(H/144) = 120*(20/144) = 16.67 for 20 ft. of cover 
    Lp = w*(H/144) = 120*(3/144) = 2.5 for 3 ft. of cover 
 

(ii.)  delY/D (%) = (0.110*(16.67+0)*100)/((0.149*115)+(0.061*0.8818*3000)) 
        = 1.02% for 20 ft. of cover 
 
   (iii)  delY/D (%) = (0.110*(2.5+5.56)*100)/((0.149*115)+(0.061*0.8818*3000)) 
        = 0.50% for 3 ft. of cover 
 
  Both load extremes reflect predicted deflection of less than 5%.  O.K. 
 
(VI.)  Horizontal curvature analysis:  
 
 Horizontal curvature is not expected for this sanitary sewer system. 



APPENDIX C 
 

15” GRAVITY SEWER 
 

ANALYSIS OF COLLECTION SYSTEM PIPING MATERIAL FOR 
THE CITY OF LA GRULLA, STARR COUNTY, TEXAS 

 
 
PURPOSE: These calculations are performed to determine if the proposed flexible pipe collection 

system is capable of withstanding applied live and dead load forces without pipe 
buckling and pipe wall crushing.  Calculations are also performed to check long-term 
pipe deflection, strain, and horizontal bending deflection as stipulated by the TCEQ. 

 
NOTE: Information on pipe properties and pipe material properties within the given information 

was gathered from the following publication: 
 
  Uni-Bell, Handbook of PVC Pipe 
  Design and Construction 
  Second Edition, 2001 
  Uni-Bell PVC Pipe Association 
  Dallas, Texas 
 
GIVEN: Gravity Sewer 
  15 in. SDR-26, PVC pipe; Tensile Strength = 6,000psi; Cell Class 12454; 
  E = 400,000 psi; Pipe stiffness = 115 psi; Hydrostatic design basis = 4,000 psi 
  t = 0.440 in; O.D. = 15.30 in. (30 TAC 317.2(a)(2)(A)) 
  Depth of bury to crown of pipe = 3 ft. to 20 ft. 
  Maximum live load = Standard H20 live load 
  Installation temperature = The PVC pipe will be installed under favorable ambient  
  temperature as stipulated by the pipe manufacturer.  (30 TAC 317.2(a)(2)(A)) 
  Unit weight of soil, w = 120 lb/cu.ft. (assumed) 
  Bedding material = Crushed Stone 
  In-situ material = Sand, S 
  Trench width = 24 in. + pipe O.D. 
  Specific weight of water = 0.0361 pci 
 
REQUIRED: Perform: (I.) Live load analysis (30 TAC 317.2(a)(2)(A)) 
    (II.) Pipe buckling analysis (30 TAC 317.2(a)(2)(A)) 
    (III.) Wall crushing analysis (30 TAC 317.2(a)(2)(A)) 
    (IV.) Strain analysis (30 TAC 317.2(a)(2)(A)) 
    (V.) Deflection analysis (30 TAC 317.2(a)(2)(A)) 
    (VI.) Horizontal curvature analysis (30 TAC 317.2(c)(4)) 



SOLUTION: 
(I.)  Live load analysis: 
 

Live load for a H20 (40-ton) truck at depths in one (1) foot increments are shown in the 
following table taken from the above stated reference: 

 
Live Loads on PVC Pipe 

Height of 
Cover (ft) 

Highway H20 
Live Load 
(psi) 

Height of 
Cover (ft)

Highway H20 
Live Load (psi) 

3 4.17 7 1.22 

4 2.78 8 0.69 

5 1.74 10 * 

6 1.39 >12 * 
   * Negligible live load influence 
 
  Maximum live load is at 3 feet for this application. 
 
(II.)  Pipe buckling analysis:  Applied pressure (qp) < Allowable buckling pressure (qa): 
  
 (1.)  Allowable buckling pressure, qa 
   
   qa = 0.4*(32* Rw * B’*Eb * EI/D3)½ 

    where, 
    RW = water buoyancy factor 
    B’ = empirical coefficient of elastic support 
    Eb = modulus of soil reaction 
    E = modulus of elasticity 
    I = moment of inertia 
    D = pipe diameter 
 
  (a.)  Calculate moment of inertia: 
 
   I = t3/12 in units of inches4/linear inch 
     = (0.440)3/12 = 0.007099 inches4/linear inch 
 

(b.)  Calculate the empirical coefficient of elastic support, B’. 
 
   B’ = 1/(1+4*e-0.065H) 

where H is the cover height.  The cover height of 20 feet is the worst case and 
will be used in the buckling calculation. 

 
   B’ = 1/(1+4*e-0.065* 20) = 0.4784 



 
  (c.)  Calculate the water buoyancy factor, Rw. 
 
   Rw  = 1-0.33* hw/h 

where hw is the ground water height above the pipe and h is the cover height.  To 
assume worst case, the water height and the cover height will be considered 
equal, therefore hw/h = 1. 

 
   Rw  = 0.67 
 
   therefore, 
 
  (d.)  qa = 0.4*(32*0.67*0.4784*3000*((400,000*0.007099)/(15.3)3))½ 
 
   = 62.48 psi 
 

(2.)  Calculate pressure applied to pipe under installed conditions, qp 
 
   qp = ww* hw + Rw * Wc/D + live load 
 
  (a.)  Calculate vertical load of soil load on pipe, Wc , per unit length in lb/in. 
 
   Wc = w*H*((D+t)/144) = 120*20*((15.3+0.440)/144) = 262.33 lb/in 
 
  (b.)  Calculate pressure applied to pipe under installed conditions, 
 
   qp = (0.0361*20*12)+(0.67*262.33/15.3) + 0 = 20.15 psi  
 

(3.)  If qa > qp ,the pipe installed is acceptable.  62.48 psi > 20.15 psi, OK. 
 
(III.)  Wall crushing analysis: 
 
   Py = w*H = Pc*2*A/O.D. 
     (assuming the pipe is held rigidly, worst case scenario) 
     where, 
     Py = pressure applied vertically on pipe 

Pc  = hydrostatic design basis or hoop tensile stress = 4,000 psi
 A = cross-sectional area of conduit wall per unit length, 

      unit length * t, (sq.in.) 
     H = depth to crown of pipe 
 

  Py = 4,000*2*0.440/15.3 = 230.07 psi 
 
   the height of soil allowed above all 15-in. pipe is: 
 
   H = Py/w = (230.07*144)/120 = 276.08 ft. 



 
(IV.)  Strain analysis: 

As per the referenced text, strain is not a design limiting criteria for PVC pipe. 
 
(V.)  Deflection analysis: 
 

(1.) Calculate the ratio of bedding modulus of soil reaction, Eb, to the in-situ material 
modulus of soil reaction, En’.  Eb and En’ are found utilizing a table developed by Amster 
Howard of the United States Bureau of Reclamation.  

 
    Eb = 3,000 psi for compacted crushed rock 
    En’= 2,000 psi for sand  
 
 (2.) Eb /En’= 3,000/2,000 = 1.5 
 

The value of this ratio must be equal to or less than 1.25.  Otherwise, a zeta factor must 
be calculated which corrects for the effect of the in-situ soil on pipe stability. 

 
 (3.) The ratio is greater than 1.25; therefore, calculate the zeta factor 
  

  zeta = 1.44/(f+(1.44-f)*Eb/En’) 
 
 (4.) 15 in. diameter pipe analysis: 
 
  (a.)  Calculate the pipe to trench width coefficient. 
 
   f = ((b/O.D.)-1)/(1.154+0.444*((b/O.D.)-1) 
   where, 
   b = trench width = 24in. + O.D. = 24 + 15.3 = 39.3 in. 
 
   f = ((39.3/15.3)-1)/(1.154+0.444*((39.3/15.3)-1) 
     = 0.8477 
 
  (b.)  Calculate zeta factor. 
 
   zeta = 1.44/(f+(1.44-f)*Eb/En’)  
           = 1.44/(0.8477+(1.44-0.8477)*3,000/2,000) 
           = 0.8294 
 

(c.)  Calculate pipe stiffness, Ps, to soil stiffness, SSF, ratio. 
 

The value of this ratio must be greater or equal to 0.15 for the following calculations to 
be valid.  Otherwise, a pipe with a higher stiffness value must be chosen. 



 
Ps/SSF = Ps/(0.061*zeta*Eb) 

              = 115/(0.061*0.8294*3,000) 
              = 0.7577 
 
  The ratio is greater than 0.15; therefore, pipe stiffness is O.K. 
 
  (d.)  Calculate predicted deflection. 
 
  For the pipe to be acceptable, the predicted deflection, delY/D, must be less than 5% 
 
   delY/D (%) = (K*(Lp+L1)*100)/((0.149*Ps)+(0.061*zeta*Eb)) 
    where, 
     K = Bedding angle constant.  Assume 0.110 
     Lp = Prism load, (psi) 
 
   (i.)  Calculate prism load, Lp.  
    Lp = w*(H/144) = 120*(20/144) = 16.67 for 20 ft. of cover 
    Lp = w*(H/144) = 120*(3/144) = 2.5 for 3 ft. of cover 
 

(ii.)  delY/D (%) = (0.110*(16.67+0)*100)/((0.149*115)+(0.061*0.8294*3000)) 
        = 1.09% for 20 ft. of cover 
 
   (iii)  delY/D (%) = (0.110*(2.5+5.56)*100)/((0.149*115)+(0.061*0.8294*3000)) 
        = 0.52% for 3 ft. of cover 
 
  Both load extremes reflect predicted deflection of less than 5%.  O.K. 
 
(VI.)  Horizontal curvature analysis:  
 
 Horizontal curvature is not expected for this sanitary sewer system. 



APPENDIX C 
 

24” GRAVITY SEWER 
 

ANALYSIS OF COLLECTION SYSTEM PIPING MATERIAL FOR 
THE CITY OF LA GRULLA, STARR COUNTY, TEXAS 

 
 
PURPOSE: These calculations are performed to determine if the proposed flexible pipe collection 

system is capable of withstanding applied live and dead load forces without pipe 
buckling and pipe wall crushing.  Calculations are also performed to check long-term 
pipe deflection, strain, and horizontal bending deflection as stipulated by the TCEQ. 

 
NOTE: Information on pipe properties and pipe material properties within the given information 

was gathered from the following publication: 
 
  Uni-Bell, Handbook of PVC Pipe 
  Design and Construction 
  Second Edition, 2001 
  Uni-Bell PVC Pipe Association 
  Dallas, Texas 
 
GIVEN: Gravity Sewer 
  24 in. SDR-26, PVC pipe; Tensile Strength = 6,000psi; Cell Class 12454; 
  E = 400,000 psi; Pipe stiffness = 115 psi; Hydrostatic design basis = 4,000 psi 
  t = 0.711 in; O.D. = 24.803 in. (30 TAC 317.2(a)(2)(A)) 
  Depth of bury to crown of pipe = 3 ft. to 20 ft. 
  Maximum live load = Standard H20 live load 
  Installation temperature = The PVC pipe will be installed under favorable ambient  
  temperature as stipulated by the pipe manufacturer.  (30 TAC 317.2(a)(2)(A)) 
  Unit weight of soil, w = 120 lb/cu.ft. (assumed) 
  Bedding material = Crushed Stone 
  In-situ material = Sand, S 
  Trench width = 24 in. + pipe O.D. 
  Specific weight of water = 0.0361 pci 
 
REQUIRED: Perform: (I.) Live load analysis (30 TAC 317.2(a)(2)(A)) 
    (II.) Pipe buckling analysis (30 TAC 317.2(a)(2)(A)) 
    (III.) Wall crushing analysis (30 TAC 317.2(a)(2)(A)) 
    (IV.) Strain analysis (30 TAC 317.2(a)(2)(A)) 
    (V.) Deflection analysis (30 TAC 317.2(a)(2)(A)) 
    (VI.) Horizontal curvature analysis (30 TAC 317.2(c)(4)) 



SOLUTION: 
(I.)  Live load analysis: 
 

Live load for a H20 (40-ton) truck at depths in one (1) foot increments are shown in the 
following table taken from the above stated reference: 

 
Live Loads on PVC Pipe 

Height of 
Cover (ft) 

Highway H20 
Live Load 
(psi) 

Height of 
Cover (ft)

Highway H20 
Live Load (psi) 

3 4.17 7 1.22 

4 2.78 8 0.69 

5 1.74 10 * 

6 1.39 >12 * 
   * Negligible live load influence 
 
  Maximum live load is at 3 feet for this application. 
 
(II.)  Pipe buckling analysis:  Applied pressure (qp) < Allowable buckling pressure (qa): 
  
 (1.)  Allowable buckling pressure, qa 
   
   qa = 0.4*(32* Rw * B’*Eb * EI/D3)½ 

    where, 
    RW = water buoyancy factor 
    B’ = empirical coefficient of elastic support 
    Eb = modulus of soil reaction 
    E = modulus of elasticity 
    I = moment of inertia 
    D = pipe diameter 
 
  (a.)  Calculate moment of inertia: 
 
   I = t3/12 in units of inches4/linear inch 
     = (0.711)3/12 = 0.029952 inches4/linear inch 
 

(b.)  Calculate the empirical coefficient of elastic support, B’. 
 
   B’ = 1/(1+4*e-0.065H) 

where H is the cover height.  The cover height of 20 feet is the worst case and 
will be used in the buckling calculation. 

 
   B’ = 1/(1+4*e-0.065* 20) = 0.4784 



 
  (c.)  Calculate the water buoyancy factor, Rw. 
 
   Rw  = 1-0.33* hw/h 

where hw is the ground water height above the pipe and h is the cover height.  To 
assume worst case, the water height and the cover height will be considered 
equal, therefore hw/h = 1. 

 
   Rw  = 0.67 
 
   therefore, 
 
  (d.)  qa = 0.4*(32*0.67*0.4784*3000*((400,000*0.029952)/(24.803)3))½ 
 
   = 62.18 psi 
 

(2.)  Calculate pressure applied to pipe under installed conditions, qp 
 
   qp = ww* hw + Rw * Wc/D + live load 
 
  (a.)  Calculate vertical load of soil load on pipe, Wc , per unit length in lb/in. 
 
   Wc = w*H*((D+t)/144) = 120*20*((24.803+0.711)/144) = 425.23 lb/in 
 
  (b.)  Calculate pressure applied to pipe under installed conditions, 
 
   qp = (0.0361*20*12)+(0.67*425.23/24.803) + 0 = 20.15 psi  
 

(3.)  If qa > qp ,the pipe installed is acceptable.  62.17 psi > 20.15 psi, OK. 
 
(III.)  Wall crushing analysis: 
 
   Py = w*H = Pc*2*A/O.D. 
     (assuming the pipe is held rigidly, worst case scenario) 
     where, 
     Py = pressure applied vertically on pipe 

Pc  = hydrostatic design basis or hoop tensile stress = 4,000 psi
 A = cross-sectional area of conduit wall per unit length, 

      unit length * t, (sq.in.) 
     H = depth to crown of pipe 
 

  Py = 4,000*2*0.711/24.803 = 229.33 psi 
 
   the height of soil allowed above all 24-in. pipe is: 
 
   H = Py/w = (229.33*144)/120 = 275.19 ft. 



 
(IV.)  Strain analysis: 

As per the referenced text, strain is not a design limiting criteria for PVC pipe. 
 
(V.)  Deflection analysis: 
 

(1.) Calculate the ratio of bedding modulus of soil reaction, Eb, to the in-situ material 
modulus of soil reaction, En’.  Eb and En’ are found utilizing a table developed by Amster 
Howard of the United States Bureau of Reclamation.  

 
    Eb = 3,000 psi for compacted crushed rock 
    En’= 2,000 psi for sand  
 
 (2.) Eb /En’= 3,000/2,000 = 1.5 
 

The value of this ratio must be equal to or less than 1.25.  Otherwise, a zeta factor must 
be calculated which corrects for the effect of the in-situ soil on pipe stability. 

 
 (3.) The ratio is greater than 1.25; therefore, calculate the zeta factor 
  

  zeta = 1.44/(f+(1.44-f)*Eb/En’) 
 
 (4.) 24 in. diameter pipe analysis: 
 
  (a.)  Calculate the pipe to trench width coefficient. 
 
   f = ((b/O.D.)-1)/(1.154+0.444*((b/O.D.)-1) 
   where, 
   b = trench width = 24in. + O.D. = 24 + 24.803 = 48.803 in. 
 
   f = ((48.803/24.803)-1)/(1.154+0.444*((48.803/24.803)-1) 
     = 0.6110 
 
  (b.)  Calculate zeta factor. 
 
   zeta = 1.44/(f+(1.44-f)*Eb/En’)  
           = 1.44/(0.6110+(1.44-0.6110)*3,000/2,000) 
           = 0.7765 
 

(c.)  Calculate pipe stiffness, Ps, to soil stiffness, SSF, ratio. 
 

The value of this ratio must be greater or equal to 0.15 for the following calculations to 
be valid.  Otherwise, a pipe with a higher stiffness value must be chosen. 



 
Ps/SSF = Ps/(0.061*zeta*Eb) 

              = 115/(0.061*0.7765*3,000) 
              = 0.8093 
 
  The ratio is greater than 0.15; therefore, pipe stiffness is O.K. 
 
  (d.)  Calculate predicted deflection. 
 
  For the pipe to be acceptable, the predicted deflection, delY/D, must be less than 5% 
 
   delY/D (%) = (K*(Lp+L1)*100)/((0.149*Ps)+(0.061*zeta*Eb)) 
    where, 
     K = Bedding angle constant.  Assume 0.110 
     Lp = Prism load, (psi) 
 
   (i.)  Calculate prism load, Lp.  
    Lp = w*(H/144) = 120*(20/144) = 16.67 for 20 ft. of cover 
    Lp = w*(H/144) = 120*(3/144) = 2.5 for 3 ft. of cover 
 

(ii.)  delY/D (%) = (0.110*(16.67+0)*100)/((0.149*115)+(0.061*0.7765*3000)) 
        = 1.15% for 20 ft. of cover 
 
   (iii)  delY/D (%) = (0.110*(2.5+5.56)*100)/((0.149*115)+(0.061*0.7765*3000)) 
        = 0.56% for 3 ft. of cover 
 
  Both load extremes reflect predicted deflection of less than 5%.  O.K. 
 
(VI.)  Horizontal curvature analysis:  
 
 Horizontal curvature is not expected for this sanitary sewer system. 



APPENDIX D 
CALCULATION OF SIZING SANITARY SEWERS 



APPENDIX D 
 

VENECIA, FLORES BROTHERS, LONGORIA, NARCISO PEÑA, PABLO 
PEÑA, RIVERINO, E. LOPEZ, AND ALTO BONITO HEIGHTS COLONIAS 

 
SEWER CAPACITY CALCULATIONS FOR 

CITY OF LA GRULLA, TEXAS 
 
PURPOSE: To determine the size of PVC pipe required to carry the design flow (peak flow and I/I). 
 
GIVEN: Projected population in the largest colonia area (Venecia & Flores Brothers) (yr. 2025) = 

133 lots (3.885 persons/household) = 517 number of persons 
  Per capita wastewater flow = 100 gpcd/lot 
  Peaking factor = 4.0 
  8 in. PVC sanitary sewer, minimum slope = 0.33%, minimum velocity = 2 fps 
  Infiltration and inflow = 11 gpcd 

Manning’s roughness coefficient (0.013) (actual n = 0.009 for PVC pipe; however, 0.013 
is used for most conservative pipe capacity) 

 
SOLUTION: The design flow is as follows: 
   
  Average Daily Flow = 100 gpcd x 517 number of persons 
             = 51,700 gpd     -OR-     35.90 gpm 
 
  Peak flow = 4.0 x 35.90 gpm = 143.61 gpm 
   
  Infiltration/Inflow = 11 gpcd x 517 number of persons = 5,687 gpd -OR- 3.95 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (35.90 gpm + 3.95 gpm) x 4.0 
           = 159.40 gpm     -OR-     0.36 cfs 
 

The capacity of an 8 in. pipe flowing full with a 0.33% slope, Manning’s roughness 
coefficient of 0.013 is given by Manning’ equation: 

 
    Q = A*V = A*(1.486/n)*R2/3 * S1/2 
     where, 
     A = cross-sectional area of pipe 
     R = hydraulic radius 
     S = slope 

 
A = π*r2 = (3.1415927 * (4/12)2) = 0.3491 sq.ft. 

    R = ¼ * diameter of pipe = ¼ * 8/12 = 0.1667 ft. 
    Q = 0.3491 * (1.486/0.013)*(0.1667)2/3*(0.0033)1/2 
        = 0.70 cfs > 0.36 cfs 
 
  Therefore, the proposed 8” pipe is capable of handling the design flow. 



APPENDIX D 
 

MIKE’S SUBDIVISION LIFT STATION 
 

SEWER CAPACITY CALCULATIONS FOR 
CITY OF LA GRULLA, TEXAS 

 
 
PURPOSE: To determine the size of PVC pipe required to carry the design flow (peak flow and I/I). 
 
GIVEN: Projected population in coverage area served by Mike’s Subdivision Lift Station (yr. 

2025) = 299 lots (3.885 persons/household) = 1,162 number of persons 
  Per capita wastewater flow = 100 gpcd/lot 
  Peaking factor = 4.0 
  10 in. PVC sanitary sewer, minimum slope = 0.25%, minimum velocity = 2 fps 
  Infiltration and inflow = 11 gpcd 

Manning’s roughness coefficient (0.013) (actual n = 0.009 for PVC pipe; however, 0.013 
is used for most conservative pipe capacity) 

 
SOLUTION: The design flow is as follows: 
   
  Average Daily Flow = 100 gpcd x 1,162 number of persons 
             = 116,162 gpd     -OR-     80.67 gpm 
 
  Peak flow = 4.0 x 80.67 gpm = 322.67 gpm 
   
  Infiltration / Inflow = 11 gpcd x 1,162 number of persons = 12,782 gpd  -OR-  8.88 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (80.67 gpm + 8.88 gpm) x 4.0 
           = 358.20 gpm     -OR-     0.80 cfs 
 

The capacity of an 10 in. pipe flowing full with a 0.25% slope, Manning’s roughness 
coefficient of 0.013 is given by Manning’ equation: 

 
    Q = A*V = A*(1.486/n)*R2/3 * S1/2 
     where, 
     A = cross-sectional area of pipe 
     R = hydraulic radius 
     S = slope 

 
A = π*r2 = (3.1415927 * (5/12)2) = 0.5454 sq.ft. 

    R = ¼ * diameter of pipe = ¼ * 10/12 = 0.2083 ft. 
    Q = 0.5454 * (1.486/0.013)*(0.2083)2/3*(0.0025)1/2 
        = 1.10 cfs > 0.80 cfs 
 
  Therefore, the proposed 10” pipe is capable of handling the design flow. 



APPENDIX D 
 

EAST ALTO BONITO LIFT STATION 
 

SEWER CAPACITY CALCULATIONS FOR 
CITY OF LA GRULLA, TEXAS 

 
 
PURPOSE: To determine the size of PVC pipe required to carry the design flow (peak flow and I/I). 
 
GIVEN: Projected population in coverage area served by Mike’s Subdivision Lift Station (yr. 

2025) = 361 lots (3.885 persons/household) = 1,402 number of persons 
  Per capita wastewater flow = 100 gpcd/lot 
  Peaking factor = 4.0 
  10 in. PVC sanitary sewer, minimum slope = 0.25%, minimum velocity = 2 fps 
  Infiltration and inflow = 11 gpcd 

Manning’s roughness coefficient (0.013) (actual n = 0.009 for PVC pipe; however, 0.013 
is used for most conservative pipe capacity) 

 
SOLUTION: The design flow is as follows: 
   
  Average Daily Flow = 100 gpcd x 1,402 number of persons 
             = 140,200 gpd     -OR-     97.36 gpm 
 
  Peak flow = 4.0 x 97.36 gpm = 389.44 gpm 
   
  Infiltration/Inflow = 11 gpcd x 1,402 number of persons = 15,422 gpd -OR- 10.71 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (97.36 gpm + 10.71 gpm) x 4.0 
           = 432.28 gpm     -OR-     0.96 cfs 
 

The capacity of an 10 in. pipe flowing full with a 0.25% slope, Manning’s roughness 
coefficient of 0.013 is given by Manning’ equation: 

 
    Q = A*V = A*(1.486/n)*R2/3 * S1/2 
     where, 
     A = cross-sectional area of pipe 
     R = hydraulic radius 
     S = slope 

 
A = π*r2 = (3.1415927 * (5/12)2) = 0.5454 sq.ft. 

    R = ¼ * diameter of pipe = ¼ * 10/12 = 0.2083 ft. 
    Q = 0.5454 * (1.486/0.013)*(0.2083)2/3*(0.0025)1/2 
        = 1.1 cfs > 0.96 cfs 
 
  Therefore, the proposed 10” pipe is capable of handling the design flow. 



APPENDIX D 
 

F.M. 2360 LIFT STATION 
 

SEWER CAPACITY CALCULATIONS FOR 
CITY OF LA GRULLA, TEXAS 

 
PURPOSE: To determine the size of PVC pipe required to carry the design flow (peak flow and I/I). 
 
GIVEN: Projected population in coverage area served by F.M. 2360 Lift Station, including Alto 

Bonito Heights, Mike’s Subdivision, E. Lopez, and the La Grulla Middle School (yr. 
2025) = 2,993 number of persons 

  Per capita wastewater flow = 100 gpcd/lot 
  Peaking factor = 4.0 
  15 in. PVC sanitary sewer, minimum slope = 0.15%, minimum velocity = 2 fps 
  Infiltration and inflow = 11 gpcd 

Manning’s roughness coefficient (0.013) (actual n = 0.009 for PVC pipe; however, 0.013 
is used for most conservative pipe capacity) 

 
SOLUTION: The design flow is as follows: 
   
  Average Daily Flow = 100 gpcd x 1,162 number of persons 
             = 299,300 gpd     -OR-     207.85 gpm 
 
  Peak flow = 4.0 x 207.85 gpm = 831.38 gpm 
   
  Infiltration/Inflow = 11 gpcd x 2,993 number of persons = 32,923 gpd -OR- 22.86 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (207.85 gpm + 22.86 gpm) x 4.0 
           = 922.85 gpm     -OR-     2.06 cfs 
 

The capacity of an 15 in. pipe flowing full with a 0.15% slope, Manning’s roughness 
coefficient of 0.013 is given by Manning’ equation: 

 
    Q = A*V = A*(1.486/n)*R2/3 * S1/2 
     where, 
     A = cross-sectional area of pipe 
     R = hydraulic radius 
     S = slope 

 
A = π*r2 = (3.1415927 * (7.5/12)2) = 1.2272 sq.ft. 

    R = ¼ * diameter of pipe = ¼ * 15/12 = 0.3125 ft. 
    Q = 1.2272 * (1.486/0.013)*(0.3125)2/3*(0.0015)1/2 
        = 2.51 cfs > 2.06 cfs 
 
  Therefore, the proposed 15” pipe is capable of handling the design flow. 



APPENDIX D 
 

F.M. 2360 - 24” SANITARY SEWER INTERCEPTOR 
 

SEWER CAPACITY CALCULATIONS FOR 
CITY OF LA GRULLA, TEXAS 

 
PURPOSE: To determine the size of PVC pipe required to carry the design flow (peak flow and I/I). 
 
GIVEN: Projected population in coverage area served by the F.M. 2360 - 24” Sanitary Sewer 

Interceptor includes the entire services area, excluding the La Grulla City Limits, (yr. 
2025) = 9,074 number of persons 

  Per capita wastewater flow = 100 gpcd/lot 
  Peaking factor = 4.0 
  24 in. PVC sanitary sewer, minimum slope = 0.08%, minimum velocity = 2 fps 
  Infiltration and inflow = 11 gpcd 

Manning’s roughness coefficient (0.013) (actual n = 0.009 for PVC pipe; however, 0.013 
is used for most conservative pipe capacity) 

 
SOLUTION: The design flow is as follows: 
   
  Average Daily Flow = 100 gpcd x 9,074 number of persons 
             = 907,400 gpd     -OR-     630.13 gpm 
 
  Peak flow = 4.0 x 630.13 gpm = 2,520.54 gpm 
   
  Infiltration/Inflow = 11 gpcd x 9,074 number of persons = 99,814 gpd-OR-69.31 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (630.13 gpm + 69.80 gpm) x 4.0 
           = 2,799.72 gpm     -OR-     6.24 cfs 
 

The capacity of an 24 in. pipe flowing full with a 0.08% slope, Manning’s roughness 
coefficient of 0.013 is given by Manning’ equation: 

 
    Q = A*V = A*(1.486/n)*R2/3 * S1/2 
     where, 
     A = cross-sectional area of pipe 
     R = hydraulic radius 
     S = slope 

 
A = π*r2 = (3.1415927 * (12/12)2) = 3.1416 sq.ft. 

    R = ¼ * diameter of pipe = ¼ * 24/12 = 0.5 ft. 
    Q = 3.1416 * (1.486/0.013)*(0.5)2/3*(0.0008)1/2 
        = 6.42 cfs > 6.24 cfs 
 
  Therefore, the proposed 24” pipe is capable of handling the design flow. 



APPENDIX E 
F.M. 2360 LIFT STATION CALCULATIONS 



APPENDIX E 
 

F.M. 2360 LIFT STATION 
 

LIFT STATION CALCULATIONS FOR LA GRULLA 
STARR COUNTY, TEXAS 

 
PURPOSE: To determine the size the wet well and submersible pumps system for the F.M. 2360 Lift 

Station. 
 
GIVEN: Single basin wetwell design 
  Four-plex submersible pump system 
  Three pumps to have the capacity to pump peak flow 

Projected population in coverage area served by Lift Station (yr. 2025) =3,994 People 
  Per capita wastewater flow = 100 gpcd  
  Peaking factor = 4.0 
  Friction factors considered, C=100 and C=140 
  Infiltration and inflow = 11 gpcd 
  Emergency storage requirement = 120 minutes. 
 
SOLUTION:  

Design flows: 
Average Daily Flow = 100 gpcd x 3,994 number of persons 

                                   = 399,400 gpd     -OR-     277.36 gpm 
 
  Peak flow =4.0 x 277.36 gpm = 1,109.44 gpm 
   

Infiltration/Inflow (yr. 2025) = 11 gpcd x 3,994 number of persons = 43,934 gpd  -OR-  
30.51 gpm 

 
  Design flow = (Average Daily Flow + I/I) x PF = (277.36 gpm + 30.51 gpm) x 4.0 
           = 1,231.48 gpm      -OR-     2.75 cfs 
 

The Texas Commission on Environmental Quality (TCEQ) requires a minimum of 
100 gpm or 0.22 cfs flow in the design of a lift station. 

 
 Wetwell sizing: 
 
  Storage Requirement: 
 
  Storage Required= 1.5 x (Qpeak) = 1.5(1,109.44 gpm) = 1,664.16 gal. -OR- 222.50 cu. ft. 
  plus, 10% volume displacement for pumps and appurtenances = 22.25 cu. ft. 
  Therefore, the total storage volume required = 244.75 cu. ft. 
 



  Proposed Storage: 
  In one (1) 15 foot diameter wetwells, 1 vertical foot = 176.72 cu. ft.; 
  therefore, try one (1) 15-foot diameter wetwells with 4.0 ft. operating range in each 
  wetwell. 
 
  Storage per vertical foot = 176.72 cu. ft. / V.F. in each wetwell 
  Storage volume = 176.72 cu. ft. x (4.0 ft. (HWL TO LWL)) 
      = 706.86 cu. ft. = 317,260 gal. 
 
  Select pump operating elevations. See flow schematic detail. 
  4 pumps – 1 always acting as a stand-by. 
    

Discharge elevation = 210.87 ft. 
     Natural ground elevation = 207.87 ft. 
     High-level alarm elevation = 196.22 ft. 
     Lag-Lag pump on elevation = 195.22 ft. 

Influent elevation = 196.13 ft. 
     Lag pump on elevation = 194.22 ft. 
     Lead pump on elevation = 193.22 ft. 
     All pumps off elevation = 192.22 ft. 
     Invert elevation = 189.72 ft. 
 
  Check cycle time: 
   t = cycle time = time running + time filling 
   t = (storage vol./Qout-Qin) + (storage vol./Qin) 
 
  Check velocity in 16-in. force main: 
   Velocity must be 2 fps< V < 8 fps per TCEQ rules 
   Q = 1,231.48 gpm = 2.75 cfs.    Area16in. pipe  = 1.40 sq. ft. 

V =  Q/A = 2.75 cfs/1.40 sq. ft. = 2.00 fps 
 



Qout = Qpeak = 1,232 gpm 
  Qin = Variable (50 gpm to 1,200 gpm) 

*Three pumps will be responsible for pumping the total flow. 
   

TCEQ rules state that pump cycle time shall not be less than 6 minutes. From the 
following table, it can be seen that the system as arranged more than meets the 
requirements of the TCEQ. 

 
Flow  
out of 

Wetwell 
(gpm) 

Flow 
into 

Wetwell 
(gpm) 

Flow 
out -

Flow in 
(gpm) 

Storage 
Volume 

(gal) 

Cycle 
Time 
(min) 

1230 50 1180 5275 109.9
7 

1230 100 1130 5275 57.42 
1230 150 1080 5275 40.05 
1230 200 1030 5275 31.50 
1230 250 980 5275 26.48 
1230 300 930 5275 23.26 
1230 350 880 5275 21.07 
1230 400 830 5275 19.54 
1230 450 780 5275 18.49 
1230 500 730 5275 17.78 
1230 550 680 5275 17.35 
1230 600 630 5275 17.16 
1230 650 580 5275 17.21 
1230 700 530 5275 17.49 
1230 750 480 5275 18.02 
1230 800 430 5275 18.86 
1230 850 380 5275 20.09 
1230 900 330 5275 21.85 
1230 950 280 5275 24.39 
1230 1000 230 5275 28.21 
1230 1050 180 5275 34.33 
1230 1100 130 5275 45.37 
1230 1150 80 5275 70.53 

1230 1200 30 5275 180.2
3 

 
 
 
 
  Emergency Storage: 

Emergency Storage is not required because a generator will be on site. 
In the event of a power shortage the generator will be used to power the 
lift station. 



Size pumps:  
    Static head = Elev. 28 ft. 
    Friction factors = C=100 & C=140 
    Total length of 16” force main = 5,568 ft. 
     
                                    6 in. Fittings - Equivalent Length of 6 in. Pipe 
 
Item                             Friction Loss (ft)        Quantity                              Total (ft) 
45 Bends   8.09    6     48.54 
90 Bends    15.2               4                                    60.80 
Control Valve   50.5    4   202.00 
Gate Valve   4.04    4     16.16 
10”x10”x6” WYE  30.3    2     60.60 
           388.10 
  Equivalent length of 6 in. force main = 388.10 ft. 
 

10in. Fittings - Equivalent Length of 10 in. Pipe 
 
Item                             Friction Loss (ft)        Quantity                              Total (ft) 
10”x10”x6” WYE  16.7    2       33.40 
10” TEE   16.7    1       16.70 
16”x16”x10” TEE  50.1    1       50.10 
                                                                                                                                      100.20 
  Equivalent length of 10 in. force main =100.20 ft. + 15 ft. = 115.20 ft. 
 

16 in. Fittings - Equivalent Length of 16 in. Pipe 
 
Item                             Friction Loss (ft)        Quantity                              Total (ft) 
16”x16”x10” TEE  25.0    1                  25.00 
16” 90    37.5    3     112.50 
                                                                                                                                      137.50 

Equivalent length of 16 in. force main = 137.50 ft. + 5,568 ft. = 5,705.5 ft. 
 
From the attached system curve and pump curve table, the following duty points found are found: 
 
  Utilizing FLYGT Pump Model NP 3127 Impeller 433 the following duty points apply: 
   
  C=100 & Maximum static head ~ 1,250 gpm @ 36.18 TDH  
 
  C=140 & Minimum head ~ 1,375 gpm @ 33.84 TDH 
 
 
  This pump has a 6 in. suction and discharge, a 7.5 Hp. motor and will allow  
  passage of 3 in. solids. 



CURVE DATA  

16" 16" 16" 10" 10" 10" 6" 6" 6" C=140 C=100 C=140 C=100

FLOW FLOW X 2 FLOW X 3 Velocity fric./197.5 ft. fric./197.5 ft. Velocity fric./115.2 ft. fric./115.2 ft. Velocity fric./388.1 ft. fric./388.1 ft. TDH TDH TDH TDH

(gpm) (gpm) (gpm) (fps) (C=140) (C=100) (fps) (C=140) (C=100) (fps) (C=140) (C=100) (ft.) (ft.) (ft.) (ft.)
0 0 0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.12 28.12 28.12 23.12 23.12 23.12 56

100 200 300 0.15 0.04 0.08 0.12 0.00 0.00 0.35 0.04 0.00 28.12 28.20 28.20 23.12 23.20 23.20 49.5
200 400 600 0.31 0.15 0.27 0.25 0.00 0.01 0.69 0.14 0.00 28.12 28.41 28.40 23.12 23.41 23.40 45
300 600 900 0.46 0.31 0.58 0.37 0.01 0.01 1.04 0.30 0.00 28.12 28.74 28.72 23.12 23.74 23.72 41
400 800 1200 0.61 0.53 0.99 0.50 0.01 0.02 1.38 0.51 0.00 28.12 29.18 29.13 23.12 24.18 24.13 36
500 1000 1500 0.76 0.80 1.50 0.62 0.02 0.04 1.73 0.77 0.00 28.12 29.72 29.65 23.12 24.72 24.65 30.5
600 1200 1800 0.92 1.13 2.10 0.75 0.03 0.05 2.08 1.08 0.00 28.12 30.36 30.27 23.12 25.36 25.27 26
700 1400 2100 1.07 1.50 2.79 0.87 0.04 0.07 2.42 1.44 0.00 28.12 31.09 30.98 23.12 26.09 25.98 23
800 1600 2400 1.22 1.92 3.57 1.00 0.05 0.09 2.77 1.84 0.00 28.12 31.93 31.78 23.12 26.93 26.78 17.5
900 1800 2700 1.38 2.38 4.44 1.12 0.06 0.11 3.11 2.29 0.00 28.12 32.85 32.67 23.12 27.85 27.67 13

1000 2000 3000 1.53 2.90 5.40 1.25 0.07 0.13 3.46 2.79 0.00 28.12 33.87 33.65 23.12 28.87 28.65
1100 2200 3300 1.68 3.46 6.44 1.37 0.08 0.15 3.81 3.32 0.00 28.12 34.98 34.71 23.12 29.98 29.71
1200 2400 3600 1.83 4.06 7.56 1.49 0.10 0.18 4.15 3.90 0.00 28.12 36.18 35.86 23.12 31.18 30.86
1300 2600 3900 1.99 4.71 8.77 1.62 0.11 0.21 4.50 4.53 0.00 28.12 37.47 37.10 23.12 32.47 32.10
1400 2800 4200 2.14 5.40 10.06 1.74 0.13 0.24 4.84 5.19 0.00 28.12 38.84 38.42 23.12 33.84 33.42
1500 3000 4500 2.29 6.13 11.43 1.87 0.15 0.27 5.19 5.90 0.00 28.12 40.30 39.82 23.12 35.30 34.82
1600 3200 4800 2.45 6.91 12.88 1.99 0.16 0.31 5.54 6.65 0.00 28.12 41.84 41.31 23.12 36.84 36.31
1700 3400 5100 2.60 7.73 14.41 2.12 0.18 0.34 5.88 7.44 0.00 28.12 43.47 42.87 23.12 38.47 37.87
1800 3600 5400 2.75 8.59 16.01 2.24 0.20 0.38 6.23 8.27 0.00 28.12 45.18 44.52 23.12 40.18 39.52
1900 3800 5700 2.90 9.50 17.70 2.37 0.23 0.42 6.57 9.13 0.00 28.12 46.98 46.24 23.12 41.98 41.24
2000 4000 6000 3.06 10.44 19.46 2.49 0.25 0.46 6.92 10.04 0.00 28.12 48.86 48.05 23.12 43.86 43.05
2100 4200 6300 3.21 11.43 21.30 2.62 0.27 0.51 7.27 10.99 0.00 28.12 50.81 49.93 23.12 45.81 44.93
2200 4400 6600 3.36 12.46 23.21 2.74 0.30 0.55 7.61 11.98 0.00 28.12 52.85 51.89 23.12 47.85 46.89
2300 4600 6900 3.52 13.52 25.20 2.86 0.32 0.60 7.96 13.01 0.00 28.12 54.97 53.93 23.12 49.97 48.93
2400 4800 7200 3.67 14.63 27.27 2.99 0.35 0.65 8.30 14.07 0.00 28.12 57.17 56.04 23.12 52.17 51.04

LIFT STATION PUMP CURVE AND SYSTEM HEAD CURVES FOR CITY OF LA GRULLA, TEXAS
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APPENDIX F 
 

MIKE’S SUBDIVISION LIFT STATION 
 

LIFT STATION CALCULATIONS FOR LA GRULLA 
STARR COUNTY, TEXAS 

 
PURPOSE: To determine the size the wet well and submersible pumps system for the Lift Station. 
 
GIVEN: Single basin wetwell design 
  Duplex submersible pump system 
  Single pump to have the capacity to pump peak flow 
  Projected population in coverage area served by Lift Station (yr. 2025) = 1,162 Persons 
  Per capita wastewater flow = 100 gpcd  
  Peaking factor = 4.0 
  Friction factors considered, C=100 and C=140 
  Infiltration and inflow = 11 gpcd 
  Emergency storage requirement = 120 minutes. 
 
SOLUTION:   Design flows: 
 
  Average Daily Flow = 100 gpcd x 1,162 number of persons 
                                  = 116,200 gpd     -OR-     80.69 gpm 
 
  Peak flow = 4.0 x 80.69 gpm = 322.78 gpm 
   
  Infiltration / Inflow = 11 gpcd x 1,162 number of persons = 12,782 gpd  -OR-  8.88 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (80.69 gpm + 8.88 gpm) x 4.0 
           = 358.28 gpm     -OR-     0.80 cfs 
  
  

Wetwell sizing: 
 
  Storage Required: 
 
  Storage = 1.5 x (Qpeak) = 1.5 (322.78 gpm) = 484.17 gal. -OR- 64.73 cu. ft. 
  plus, 10% volume displacement for pumps and appurtenances = 6.47 cu. ft. 
  Therefore, the total storage volume = 71.20 cu. ft. 
 
  In an 8 foot diameter wetwell, 1 vertical foot = 50.26 cu. ft.; 
  therefore, try an 8-foot diameter wetwell with 4 ft. operating range. 
 



Select pump-operating elevations.  See flow schematic detail. 
 

Discharge elevation = 201.72 ft. 
     Natural ground elevation = 198.22 ft. 
     High-level alarm elevation = 184.43 ft. 
     Influent elevation = 183.60 ft. 
     Lag pump on elevation = 183.26 ft. 
     Lead pump on elevation = 181.93 ft. 
     All pumps off elevation = 180.60 ft. 
     Invert elevation = 179.10 ft. 
 
  Check cycle time: 
   t = cycle time = time running + time filling 
   t = (storage vol./Qout-Qin) + (storage vol./Qin) 
 
  Storage per vertical foot = 50.26 cu. ft. / V.F. in wetwell 
  Storage volume = 50.26 cu. ft. x (4.0 ft. (HWL to LWL)) 
      = 201.06 cu. ft. - OR - 1,504 gal. 
 
  Check velocity in 8-in. force main: 
   Velocity must be 2fps< V < 8fps per TCEQ rules 
   Q = 358.28 gpm = 0.89 cfs.    Area8in. pipe  = 0.349 sq. ft. 

V = Q/A = 0.80 cfs/0.349 sq. ft. = 2.29 fps 
 



  Qout = Qpeak = 358 gpm 
  Qin = Variable (40 gpm to 350 gpm) 
   

TCEQ rules states that pump cycle time shall not be less than 6 minutes.  From the 
following table, it can be seen that the system as arranged more than meets the 
requirements of the TCEQ.  In addition, the system will incorporate an alternator, which 
will alternate the use of both pumps increasing the cycle times per pump shown by a 
factor of 2. 

 

CYCLE TIME 

Flow Out of Flow Into Flow Out - Storage Cycle  
Wetwell Wetwell Flow In Volume Time 
(gpm) (gpm) (gpm) (gallons) (minutes) 

358 40 318 1503.94 42.33 
358 80 278 1503.94 24.21 
358 120 238 1503.94 18.85 
358 160 198 1503.94 17.00 
358 200 158 1503.94 17.04 
358 240 118 1503.94 19.01 
358 280 78 1503.94 24.65 
358 320 38 1503.94 44.28 
358 350 8 1503.94 192.29 

 
  Emergency storage requirement using peak flow of 358.28 gpm for 120 minutes is 
 
   358.28 gpm x 120 min. = 42,994 gallons   OR   5,748 ft3 
 

In a power outage condition, this service area has a storage capacity of: 
 

 8” pipe – 16,420 lf x 0.35 sq. ft. = 5,747 cu. ft.  -OR-  42,993 gal. 
 
   4’ Dia MH – 50 ea x 113.10 cu. ft. = 5,655 cu. ft.  -OR-  42,305 gal. 
 
   8’ Dia Wetwell – 18.5 ft x 50.26 sq. ft. = 930 cu ft  -OR-  6,956 gal. 
 
   Therefore a Total Storage of 12,332 ft3  –OR-  92,254 gallons. 
 
Therefore this collection system will hold in excess of 120 minutes of wastewater retention in the event 
of a power outage and resulting backup of flow into the collection system. 



 
Size pumps:  

  
    Static head = 35 ft. 
    Friction factors = C = 100 & C = 140 
    Total length of force main = 1,791 ft. 
     

8 in. Fittings - Equivalent Length of 8 in. Pipe 
 
Item                             Friction Loss (ft)        Quantity                              Total (ft) 
45 Bends   6.3    5       31.5 
90 Bends    5.7    5       28.5 
TEE    3.9    1         3.9 
C.V.    74    1       74.0 
G.V.    2.7    1         2.7  

  140.6 
 
 
  Equivalent length of 8 in. force main = 140.6 ft. + 1,791 ft. = 1,931.6 ft. 
 
 
From the attached system curve and pump curve table, the following duty points found are found: 
 
  Utilizing FLYGT Pump Model NP 3127 Impeller 489  
  the following duty points apply: 
 
 
  C=100 ~ 347 gpm @ 46.25 TDH 
 
  C=140 ~ 410 gpm @ 42.25 TDH 
 
 
  This pump has a 4 in. suction and discharge, a 7.5 Hp. motor and will allow  
  the passage of 3 in. solids. 



CURVE DATA  
8" 8" 8" STATIC C=140 C=100 FLYGT MOD. NP 3127.489

FLOW VELOCITY fric./1931.6 ft. fric./1931.6 ft. HEAD TDH TDH PRODUCTION
(gpm) (fps) (C=140) (C=100) (ft.) (ft.) (ft.) (ft.)

0 0.00 0.00 0.00 35.00 35.00 35.00 67.00
100 0.61 0.56 1.04 35.00 35.56 36.04 59.00
200 1.22 2.01 3.75 35.00 37.01 38.75 53.00
300 1.83 4.26 7.93 35.00 39.26 42.93 47.00
400 2.44 7.25 13.50 35.00 42.25 48.50 43.00
500 3.04 10.95 20.40 35.00 45.95 55.40 37.00
600 3.65 15.34 28.59 35.00 50.34 63.59 32.00
700 4.26 20.40 38.02 35.00 55.40 73.02 25.00
800 4.87 26.12 48.67 35.00 61.12 83.67 20.00
900 5.48 32.48 60.52 35.00 67.48 95.52 15.00

1000 6.09 39.47 73.55 35.00 74.47 108.55 10.00

LIFT STATION PUMP CURVE AND SYSTEM HEAD CURVES FOR CITY OF LA GRULLA, TEXAS
MIKE'S SUBDIVISION             BECC CONTRACT # 06-043             NEI # 7778
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APPENDIX G 
 

EAST ALTO BONITO LIFT STATION 
 

LIFT STATION CALCULATIONS FOR LA GRULLA 
STARR COUNTY, TEXAS 

 
PURPOSE: To determine the size the wet well and submersible pumps system for the Lift Station. 
 
GIVEN: Single basin wetwell design 
  Duplex submersible pump system 
  Single pump to have the capacity to pump peak flow 
  Projected population in coverage area served by Lift Station (yr. 2025) = 1,402 Persons 
  Per capita wastewater flow = 100 gpcd  
  Peaking factor = 4.0 
  Friction factors considered, C=100 and C=140 
  Infiltration and inflow = 11 gpcd 
  Emergency storage requirement = 120 minutes. 
 
SOLUTION:   Design flows: 
 
  Average Daily Flow = 100 gpcd x 1,402 number of persons 
                                  = 140,200 gpd     -OR-     97.36 gpm 
 
  Peak flow = 4.0 x 97.36 gpm = 389.44 gpm 
   
  Infiltration / Inflow = 11 gpcd x 1,402 number of persons = 15,422 gpd -OR- 10.71 gpm 
 
  Design flow = (Average Daily Flow + I/I) x PF = (97.36 gpm + 10.71 gpm) x 4.0 
           = 432.28 gpm     -OR-     0.96 cfs 
  
  

Wetwell sizing: 
 
  Storage Required: 
 
  Storage = 1.5 x (Qpeak) = 1.5 (389.44 gpm) = 584.16 gal. -OR- 78.10 cu. ft. 
  plus, 10% volume displacement for pumps and appurtenances = 7.81 cu. ft. 
  Therefore, the total storage volume = 85.91 cu. ft. 
 
  In an 8 foot diameter wetwell, 1 vertical foot = 50.26 cu. ft.; 
  therefore, try an 8-foot diameter wetwell with 4 ft. operating range. 
 



Select pump operating elevations.  See flow schematic detail. 
 

Discharge elevation = 217.64 ft. 
     Natural ground elevation = 214.14 ft. 
     High-level alarm elevation = 191.19 ft. 
     Influent elevation = 190.36 ft. 
     Lag pump on elevation = 190.02 ft. 
     Lead pump on elevation = 188.69 ft. 
     All pumps off elevation = 187.36 ft. 
     Invert elevation = 185.86 ft. 
 
  Check cycle time: 
   t = cycle time = time running + time filling 
   t = (storage vol./Qout-Qin) + (storage vol./Qin) 
 
  Storage per vertical foot = 50.26 cu. ft. / V.F. in wetwell 
  Storage volume = 50.26 cu. ft. x (4.0 ft. (HWL to LWL)) 
      = 201.06 cu. ft. -OR- 1,504 gal. 
 
  Check velocity in 8-in. force main: 
   Velocity must be 2fps< V < 8fps per TCEQ rules 
   Q = 432.28 gpm = 0.96 cfs.    Area8in. pipe  = 0.349 sq. ft. 

V = Q/A = 0.96 cfs/0.349 sq. ft. = 2.75 fps 
 



  Qout = Qpeak = 432 gpm 
  Qin = Variable (40 gpm to 400 gpm) 
   

TCEQ rules states that pump cycle time shall not be less than 6 minutes.  From the 
following table, it can be seen that the system as arranged more than meets the 
requirements of the TCEQ.  In addition, the system will incorporate an alternator, which 
will alternate the use of both pumps increasing the cycle times per pump shown by a 
factor of 2. 

 

CYCLE TIME 

Flow Out of Flow Into Flow Out - Storage Cycle  
Wetwell Wetwell Flow In Volume Time 
(gpm) (gpm) (gpm) (gallons) (minutes) 

438 40 398 1503.94 41.38 
438 80 358 1503.94 23.00 
438 120 318 1503.94 17.26 
438 160 278 1503.94 14.81 
438 200 238 1503.94 13.84 
438 240 198 1503.94 13.86 
438 280 158 1503.94 14.89 
438 320 118 1503.94 17.45 
438 360 78 1503.94 23.46 
438 400 38 1503.94 43.34 

 
  Emergency storage requirement using peak flow of 358.28 gpm for 120 minutes is 
 
   438.28 gpm x 120 min. = 52,594 gallons   OR   7,032 ft3 
 

In a power outage condition, this service area has a storage capacity of: 
 

 8” pipe – 9,600 lf x 0.35 sq. ft. = 3,360 cu. ft.  -OR-  25,135 gal. 
 
   4’ Dia MH – 28 ea x 113.10 cu. ft. = 3,169 cu. ft.  -OR-  23,706 gal. 
 
   8’ Dia Wetwell – 18.5 ft x 50.26 sq. ft. = 930 cu ft  -OR-  6,956 gal. 
 
   Therefore a Total Storage of 7,459 ft3  –OR-  55,798 gallons. 
 
Therefore this collection system will hold in excess of 120 minutes of wastewater retention in the event 
of a power outage and resulting backup of flow into the collection system. 



 
Size pumps:  

  
    Static head = 24 ft. 
    Friction factors = C = 100 & C = 140 
    Total length of force main = 504 ft. 
     

8 in. Fittings - Equivalent Length of 8 in. Pipe 
 
Item                             Friction Loss (ft)        Quantity                              Total (ft) 
45 Bends   6.3    5       31.5 
90 Bends    5.7    5       28.5 
TEE    3.9    1         3.9 
C.V.    74    1       74.0 
G.V.    2.7    1         2.7  

  140.6 
 
 
  Equivalent length of 8 in. force main = 140.6 ft. + 504 ft. = 644.6 ft. 
 
 
From the attached system curve and pump curve table, the following duty points found are found: 
 
  Utilizing FLYGT Pump Model NP 3127 Impeller 489  
  the following duty points apply: 
 
 
  C=100 ~ 582 gpm @ 32.75 TDH 
 
  C=140 ~ 635 gpm @ 29.50 TDH 
 
 
  This pump has a 4 in. suction and discharge, a 7.5 Hp. motor and will allow  
  the passage of 3 in. solids. 



CURVE DATA  
8" 8" 8" STATIC C=140 C=100 FLYGT MOD. NP 3127.489

FLOW VELOCITY fric./644.5 ft. fric./644.6 ft. HEAD TDH TDH PRODUCTION
(gpm) (fps) (C=140) (C=100) (ft.) (ft.) (ft.) (ft.)

0 0.00 0.00 0.00 24.00 24.00 24.00 67.00
100 0.61 0.19 0.35 24.00 24.19 24.35 59.00
200 1.22 0.67 1.25 24.00 24.67 25.25 53.00
300 1.83 1.42 2.65 24.00 25.42 26.65 47.00
400 2.44 2.42 4.51 24.00 26.42 28.51 43.00
500 3.04 3.65 6.81 24.00 27.65 30.81 37.00
600 3.65 5.12 9.54 24.00 29.12 33.54 32.00
700 4.26 6.81 12.69 24.00 30.81 36.69 25.00
800 4.87 8.72 16.24 24.00 32.72 40.24 20.00
900 5.48 10.84 20.20 24.00 34.84 44.20 15.00

1000 6.09 13.17 24.54 24.00 37.17 48.54 10.00

LIFT STATION PUMP CURVE AND SYSTEM HEAD CURVES FOR CITY OF LA GRULLA, TEXAS
EAST ALTO BONITO             BECC CONTRACT # 06-043             NEI # 7778
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