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October 9, 2024 

 

 

Mr. Otis Spriggs 

Director of Development Services 

City of Angleton  

121 S. Velasco  

Angleton, TX 77515 

 

Re: On-Going Services 

Ashland Lift Station Construction Plans and Report (updated) – 3rd  Submittal Review 

 Angleton, Texas 

 HDR Job No. 10361761 

 

Dear Mr. Spriggs:

 

HDR Engineering, Inc. (HDR) has reviewed construction plans and report for the above referenced 

subdivision and offers the following exceptions noted:

Construction Plans and Lift Station Report: 

1. The attached letter TCEQ Letter dated June 4, 2024 acknowledges a project summary letter 

transmittal dated 4/22/2024 was received and also notes that technical review of the plans and 

specifications is not required and that it is approved for construction. This item satisfies conditions 

noted in the previous review correspondence. Note, requirements and other conditional items found 

in the letter shall be followed accordingly. 

HDR  takes no objection to the proposed Ashland Lift Station Construction Plans and Report (updated) with the 

exceptions noted.  Please note, this does not necessarily mean that the entire drawings, including all supporting data 

and calculations, has been completely checked and verified; however, the drawings and supporting data are signed, 

dated, and sealed by a Licensed Professional Engineer licensed to practice in the State of Texas, which therefore 

conveys the engineer’s responsibility and accountability.   

 

If you have any questions, please feel free to contact us at our office (713)-622-9264. 

 

Sincerely, 

 

HDR Engineering, Inc. 

 

 

 

 

Javier Vasquez, P.E., CFM 

Civil Engineer 

 

cc: Files (10361761) 
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I. SCOPE 
 

The following is a design report for the Ashland Lift Station No. 1 to serve the Ashland Development. The 
facility is located within unincorporated Brazoria County, Texas but in the extra-territorial jurisdiction of 
the City of Angleton and Angleton Drainage District jurisdictional authority (BC Key Map No. 795-T). The 
project includes the construction of a submersible pump lift station to serve future residential 
development. 
 
The lift station will pump through approximately 3,130 linear feet (3,130') of new eight-inch (8") diameter 
PVC force main and will discharge directly into the headworks at the Ashland 0.2 MGD Wastewater 
Treatment Plant. The proposed force main will be constructed under a separate contract.  The WWTP is 
permitted to discharge treated wastewater under TPDES Permit No. WQ0016176001. 
 
The project includes a twelve-foot (12') diameter epoxy-lined concrete wet well complete with three (3) 
submersible pumps and six-inch (6") diameter ductile iron (DI) riser piping and valves, coatings, 3,130 
linear feet (3,130') of eight-inch (8") diameter PVC force main, one (1) 60 kW diesel generator, sub-base 
fuel tank, automatic transfer switch, motor control panel, electrical service disconnect switches, conduit, 
wire, and associated piping, electrical, and site work. 
 

II. DESCRIPTION OF SURROUNDING LAND AREA 
 
The surrounding land near the lift station is predominantly undeveloped grassy and wooded areas. The 
site will be bounded by a roadway on the west, an electrical utility facility on the north, a drainage channel 
on the east, and a residential lot to the south.  
 

III. FLOODPLAIN COMPLIANCE 
 

The site is located within Shaded Zone “X”, as depicted by the Flood Insurance Rate Map Number 
48039C0430K dated December 30, 2020. Proposed structures are located in areas protected by levees 
from 1% annual chance flood. The FIRM map can be found in Exhibit B. The nearest 100-year and 500-
year flood plain elevations are 27.8 feet and 28.2 feet, respectively. The 100-year water surface elevation 
in the Ashland Phase 1A detention pond is 34.30 feet. Elevations of proposed structures are a minimum 
of 2 feet higher than the 100-year water surface elevation in the detention pond. 
 
 

IV. DESIGN PARAMETERS – Phase I 

 

Unless otherwise noted, the design of this facility conforms to the current Texas Commission on 
Environmental Quality design criteria promulgated under 30 TAC Chapter 217- Design Criteria for 
Domestic Wastewater Systems and the City of Sugarland (CoSL) Department of Public Works and 
Engineering's Engineering Design Manual for Submersible Lift Stations, as required by City of Angleton 
development ordinance.  The City of Angleton will perform reviews to determine general compliance with 
their design requirements. 
 

A. Design Flow – Phase I 
 

631 ESFCs @ 315 gpd/connection: = 198,765  gpd 
Average Daily Flow (ADF) (Q): 198,765 gpd = 138 gpm 
Two (2) Hour Peak Flow (4Q): (4.0 x 139 gpm) = 552 gpm 
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B. Wet Well Analysis 
 

1. Future Ultimate Phase II (1,094 connections) 
 

1,094 ESFCs @ 315 gpd/connection: = 344,610  gpd 
Average Daily Flow (ADF) (Q): 344,610 gpd = 239 gpm 
Two (2) Hour Peak Flow (4Q): (4.0 x 246 gpm) = 957 gpm 

 
a. Effective Volume Calculation: 
 

 Where:  
 V = Effective wet well volume (gal) 

            𝑉 =  
𝑄∗𝑡

4𝑛
 

t = Minimum cycle time (min) 
Q = Pumping rate of two (2) pumps (gpm) 
n = Number of pumps with largest out of service 

    

𝑉 =  
(957 gpm)(6 min)

4(1)
 

Q = 957 gpm (2 pumps running) 
t = 6 min (motors < 50 HP) 
n = 1 (pump alternation credit not included) 

    
           V  = 1,436 gallons    
 

b. Effective Depth Calculation 
 
The proposed twelve-foot (12') diameter wet well has an effective area of 113.10 ft².  The required 
effective depth is calculated as: 
 

𝑑𝑒𝑓𝑓 =  
(1,436 𝑔𝑎𝑙)

(7.48
𝑔𝑎𝑙

𝑓𝑡3)(113.10𝑓𝑡2)
   de f f  = effective depth 

 

de f f  =     1.70 ft 
 
c. Wet Well Finished Floor: 

 
 Incoming Sanitary Sewer Elevation = 12.20 ft 
 Minimum Water Depth = 3.00 ft 
 Additional Depth for Safety Factor  = 1.00 ft 
 Required Effective Depth = 1.70 ft 
 Required Bottom Slab Depth  = 6.50 ft 
 Proposed Bottom Slab Elevation = 5.20 ft 

 
The proposed wet well has adequate volume to accommodate a firm capacity of 957 gpm.  The City of 
Sugarland Engineering Design Manual for Submersible Lift Stations requires a minimum depth between 
level controls of 1.00 feet (1.00'). Level controls will be set with a minimum effective depth of 1.00 feet 
(1.00') to provide an adequate cycle time for the pumps. 
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2. Proposed Phase I (631 Connections) 

 
a. Effective Volume Calculation: 
 

 Where:  
 V = Effective wet well volume (gal) 

            𝑉 =  
𝑄∗𝑡

4𝑛
 

t = Minimum cycle time (min) 
Q = Pumping rate of two (2) pumps (gpm) 
n = Number of pumps with largest out of service 

    

𝑉 =  
(552 gpm)(6 min)

4(1)
 

Q = 552 gpm (2 pumps running) 
t = 6 min (motors < 50 HP) 
n = 1 (pump alternation credit not included) 

    
           V  = 828 gallons    
 

b. Effective Depth Calculation 
 
The proposed twelve-foot (12') diameter wet well has an effective area of 113.10 ft².  The required 
effective depth is calculated as: 
 

𝑑𝑒𝑓𝑓 =  
(828 𝑔𝑎𝑙)

(7.48
𝑔𝑎𝑙

𝑓𝑡3)(113.10𝑓𝑡2)
   de f f  = effective depth 

 

de f f  =     0.98 ft 
 
c. Wet Well Finished Floor: 

 
 Incoming Sanitary Sewer Elevation = 12.20 ft  
 Minimum Water Depth = 3.00 ft  
 Additional Safety Factor Depth = 1.00 ft  
 Required Effective Depth = 0.98 ft  
 Required Bottom Slab Depth  = 7.22 ft  
 Proposed Bottom Slab Elevation = 5.20 ft  

 
The proposed wet well has adequate volume to accommodate a firm capacity of 552 gpm.  The City of 
Sugarland Engineering Design Manual for Submersible Lift Stations requires a minimum depth between 
level controls of 1.00 feet (1.00'). Level controls will be set with a minimum effective depth of 1.00 feet 
(1.00') to provide an adequate cycle time for the pumps. 
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C. Pump Static Head – Phase I 
 

1. Lead Pump On (Firm Capacity) 
 

 Highest Elevation Pumped (At Elevated 
Headworks at WWTP) 

= 52.09 ft 

 Calculated “Lead Pump On” Elevation   
 (5.20 + 3.00 + 0.72) = 8.92 ft 
 Design “Lead Pump On” Elevation = 9.20 ft 
 Design Static Head = 42.89 ft 

  
2. 1st Lag Pump On  

 
 Highest Elevation Pumped (At Elevated 

Headworks at WWTP) 
= 52.09 ft 

 Calculated “Lag Pump On” Elevation   
 (9.20 + 0.49) = 9.69 ft 
 Design "Lag Pump On" Elevation = 10.20 ft 
 Design Static Head = 41.89 ft 

 
3. 2nd Lag Pump On  

 
 Highest Elevation Pumped (At Elevated 

Headworks at WWTP) 
= 52.09 ft 

 Calculated “Lag Pump On” Elevation   
 (10.20 + 0.36) = 10.56 ft 
 Design "Lag Pump On" Elevation = 11.20 ft 
 Design Static Head = 40.89 ft 

 
4. All Pumps Off 

   

 Highest Elevation Pumped (At Elevated 
Headworks at WWTP) 

= 52.09 ft 

 Calculated “All Pumps Off” Elevation   
 (5.20 + 3.00) = 8.20 ft 
 Design "All Pumps Off" Elevation = 8.20 ft 
 Design Static Head = 43.89 ft 

 
5. Flooded Wet Well 

   

 Highest Elevation Pumped (At Elevated 
Headworks at WWTP) 

= 52.09 ft 

 Wet Well Ceiling Elevation = 33.70 ft 
 Design Static Head = 18.39 ft 

 
D. Piping Analysis – Phase I 

  
The proposed piping system will consist of a six-inch (6") diameter DI riser piping, an eight-inch (8") 
diameter DI header pipe, and an eight-inch (8") diameter PVC force main. 
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1. Riser Piping  
 

Approximately 39 linear feet (39) of six-inch (6) diameter DI riser piping is proposed.  The riser losses are 
calculated using the Hazen-Williams formula for friction losses and K factors for minor losses.  To simulate 
pipe conditions, Hazen-Williams friction constants C=100 and 140 will be used for design, to represent old 
and new pipe conditions respectively.  Riser pipe head loss will be added to system head loss to calculate 
total system head loss for designing the pumps.  
  
 

Six-inch (6") Diameter Riser Pipe K Factors (1): 
 

                   Fitting Quantity K-factor Total K 

Entrance 1 0.50 0.50 
90° Bend 3 0.45 1.35 
45° Bend 2 0.24 0.48 

Tee, Branch 1 0.90 0.90 
Tee, Run 2 0.30 0.60 

Check Valve 1 1.50 1.50 
Plug Valve 2 0.27 0.54 

4" x 6" Expansion 1 0.31 0.31 
  Total 6.18 

(1) K Factors from Cameron Hydraulic Data 

 
Six-inch (6") Diameter Riser Losses: 
 

 Riser Pipe  
Velocity 

(V) 

Minor 
 Loss 

KV2/2g 

Major 
 Loss 

Design C=100 

Major 
 Loss 

C = 140 

Flow 

 (Q) 

GPM Fps ft. ft ft 

0 0.00 0.00 0.00 0.00 

50 0.57 0.03 0.02 0.01 

100 1.13 0.12 0.07 0.04 

150 1.70 0.28 0.14 0.08 

200 2.27 0.49 0.24 0.13 

250 2.84 0.77 0.37 0.20 

276 3.13 0.94 0.42 0.21 

300 3.40 1.11 0.51 0.28 

350 3.97 1.51 0.68 0.37 

400 4.54 1.98 0.87 0.47 

450 5.11 2.50 1.09 0.58 

500 5.67 3.09 1.32 0.71 

550 6.24 3.74 1.57 0.84 

600 6.81 4.45 1.85 0.99 

650 7.38 5.22 2.14 1.15 

700 7.94 6.05 2.46 1.32 

750 8.51 6.95 2.79 1.50 
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2. Force Main Piping  
 

Approximately 3,130 linear feet of eight-inch (8") diameter PVC force main will be constructed in this 
project.   The system curves for the force main are calculated using the Hazen-Williams formula for friction 
losses and K factors for minor losses.  To simulate pipe conditions, Hazen-Williams friction constants C = 
100 and 140 (per City of Sugar Land requirements) will be used for design to represent old and new pipe 
conditions respectively. 
 
 

Eight-inch (8") Diameter Force Main K Factors (1): 
 

                   Fitting Quantity K-factor Total K 

90° Bend 5 0.42 2.10 
45° Bend 16 0.21 3.36 

8"x12" Expansion 1 0.31 0.31 
Plug Valve 1 0.25 0.25 

Exit 1 1.00 1.00 
  Total 7.02 

(1) K Factors from Cameron Hydraulic Data 

 

Eight-inch (8") Diameter Force Main Losses: 
 

 FM Pipe  
Velocity 

(V) 

Minor 
 Loss 

KV2/2g 

Major 
 Loss 

Design C=100 

Major 
 Loss 

C = 140 

  

Flow Total System Total System 

 (Q) Head-C=100 Head-C=140 

GPM Fps ft. ft ft ft. ft 

0 0.00 0.00 0.00 0.00 41.89 41.89 

50 0.32 0.01 0.37 0.20 42.29 42.12 

100 0.64 0.04 1.33 0.71 43.31 42.69 

150 0.96 0.10 2.81 1.51 44.92 43.60 

200 1.28 0.18 4.79 2.57 47.05 44.80 

250 1.60 0.28 7.24 3.88 49.71 46.31 

300 1.91 0.40 10.14 5.44 52.85 48.09 

350 2.23 0.54 13.49 7.24 56.50 50.16 

400 2.55 0.71 17.27 9.27 60.61 52.49 

450 2.87 0.90 21.47 11.52 65.20 55.11 

500 3.19 1.11 26.09 14.00 70.23 57.97 

550 3.51 1.34 31.13 16.70 75.74 61.11 

552 3.52 1.35 31.34 16.82 75.96 61.24 

600 3.83 1.60 36.56 19.62 81.68 64.50 

650 4.15 1.88 42.40 22.75 88.08 68.15 

700 4.47 2.18 48.63 26.09 94.89 72.04 

750 4.79 2.50 55.25 29.65 102.16 76.20 

 

*System head includes the calculated design static head of 41.89 ft for the “1st Lag Pump On”.  
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E. Pump Operation Conditions 
 

1. 1st Lag Pump On: 

   Design “1st Lag Pump On” Static Head = 41.89 ft  

   Calculated Losses (Qtotal = 552 gpm) =  34.07 ft  
   Calculated TDH for “1st Lag Pump On” =   75.96 ft  

 
F. Pumps 

 
Three (3) Flygt NP 3153 HT 3~ 465 (12 hp), KSB Amarex D-max 80-170/068F2YSG (9.12 hp), Grundfos 
SE.A40.175.2.52S.C.EX.61R.A.Z (17.5 hp), or ABS Sulzer XFP submersible pumps are proposed, two in 
operation and one on standby. These pumps will utilize three-phase power. The manufacturer's 
performance curve is plotted along with the system curves for C = 100 and C = 140. The proposed pumping 
capacity was determined from the system and pump curves at 556 gpm at the design C condition (C = 100 
for old PVC pipe material, per City of Sugar Land requirements) for the force main with the largest pump 
out of service. The system curve is attached to the report as Exhibit C. 
 

G. Net Positive Suction Head (NPSH) Calculations 
 

 

1. All Pumps Off 

   Surface Pressure (Per CoSL Requirements) = 33.40 ft  

   Vapor Pressure @ 25° C (23.8 mmHg) =  -1.40 ft  
   Static Head from All Off El. to Impeller Elevation =   2.50 ft min depth over intake 
   Head Loss in Suction Piping (1) =  -0.08 ft  
   NPSH Available = 34.42 ft  
   NPSH Required (Flygt) = 13.40 ft  
   NPSH Required (KSB) = 32.00 ft  

   NPSH Required (Grundfos) =        15.31 ft  

   NPSH Required (ABS Sulzer) =       6.60 ft  
 

2. Lead Pump On 

   Surface Pressure (Per CoSL Requirements) = 33.40 ft  

   Vapor Pressure @ 25° C (23.8 mmHg) =  -1.40 ft  
   Static Head from Lead On El. to Impeller Elevation =   3.50 ft min depth over intake 
   Head Loss in Suction Piping (1) =  -0.08 ft  
   NPSH Available = 35.42 ft  
   NPSH Required (Flygt) = 13.40 ft  
   NPSH Required (KSB) = 32.00 ft  

   NPSH Required (Grundfos) =        15.31 ft  

   NPSH Required (ABS Sulzer) = 6.60 ft  
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3. 1st Lag Pump On 

   Surface Pressure (Per CoSL Requirements) = 33.40 ft  

   Vapor Pressure @ 25° C (23.8 mmHg) =  -1.40 ft  
   Static Head from Lag On El. to Impeller Elevation =   4.50 ft min depth over intake 
   Head Loss in Suction Piping (1) =  -0.08 ft  
   NPSH Available = 36.42 ft  
   NPSH Required (Flygt) = 13.40 ft  
   NPSH Required (KSB) = 32.00 ft  

   NPSH Required (Grundfos) =        15.31 ft  

   NPSH Required (ABS Sulzer) = 8.50 ft  
 

4. 2nd Lag Pump On 

   Surface Pressure (Per CoSL Requirements) = 33.40 ft  

   Vapor Pressure @ 25° C (23.8 mmHg) =  -1.40 ft  
   Static Head from Lag On El. to Impeller Elevation =   5.50 ft min depth over intake 
   Head Loss in Suction Piping (1) =  -0.08 ft  
   NPSH Available = 37.42 ft  
   NPSH Required (Flygt) = 13.40 ft  
   NPSH Required (KSB) = 32.00 ft  

   NPSH Required (Grundfos) =        15.31 ft  

   NPSH Required (ABS Sulzer) = 9.40 ft  
 

5. Flooded Wet Well 

   Surface Pressure (Per CoSL Requirements) = 33.40 ft  

   Vapor Pressure @ 25° C (23.8 mmHg) =  -1.40 ft  
   Static Head from Flooded El. to Impeller Elevation =   28.00 ft min depth over intake 
   Head Loss in Suction Piping (1) =  -0.08 ft  
   NPSH Available = 59.92 ft  
   NPSH Required (Flygt) = 13.40 ft  
   NPSH Required (KSB) = 32.00 ft  

   NPSH Required (Grundfos) =        15.31 ft  

   NPSH Required (ABS Sulzer) = 15.70 ft  
 
(1)  Head loss calculated based on entrance minor loss into pump. 
 
Under all design considerations, the system operates as a flooded suction intake. The head losses were 
determined from the corresponding estimated flow for each condition as described previously in this 
report. The static head conditions measure from the centerline of the impeller on the lift pump to the 
control elevation in the wet well. The required NPSH is available at all design conditions. 
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H. Odor Considerations 

  
To comply with the rules and regulations of 30 TAC Chapter 217- Design Criteria for Sewerage System, 
odor control must be considered. 
 

1. Wet Well Criteria 
 

 Firm Capacity Flow Rate = 552 gpm 
 Wet Well Diameter = 12 feet 
 Calculated Effective Depth = 0.49 feet 
 Design Minimum Depth = 3.00 feet 
 Water Volume = 4,230 gallons 

 
2. Wet Well Detention Time 

 

 Flow (gpm) Detention Time (min) 

Peak 552 8 

ADF 138 31 

½ ADF 69 61 

¼ ADF 35 123 

⅛ ADF 17 245 

 
3. Wet Well Turnovers 

 

 Flow (gpm) Turnovers/Day 

Peak 552 188 

ADF 138 47 

½ ADF 69 23 

¼ ADF 35 12 

⅛ ADF 17 6 

 
The wet well turns over 6 times per day at ⅛ Average Daily Flow.  Based on this, odor at the wet well will 
not be an issue. Should odor become an issue, provisions may be taken at that time. 
 

4. Force Main Criteria 
 

 Firm Capacity Flow Rate = 552 gpm 
 Force Main Diameter = 8 inches 
 Force Main Length = 3,130 feet 
 Force Main Volume = 8,172 gallons 
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5. Force Main Detention Time 
 

 Flow (gpm) Detention Time (min) 

Peak 552 15 

ADF 138 59 

½ ADF 69 118 

¼ ADF 35 237 

⅛ ADF 17 474 

 
6. Force Main Turnovers 

 

 Flow (gpm) Turnovers/Day 

Peak 552 96 

ADF 138 24 

½ ADF 69 12 

¼ ADF 35 6 

⅛ ADF 17 3 

 
The force main turns over 3 times per day at low flow.  Based on this information, it is not anticipated that 
a force main odor control system will be necessary for the force main.  Should odor become an issue, 
provisions may be taken at that time. 
 

I. Wet Well Ventilation Calculations 
 

Typical max velocity through vent pipe not to exceed 600 fpm 
 

    Velocity  =  4Q 
               π(D)2 

 

Proposed Eight-Inch (8′′) Ventilation Pipe: 
 

   Ultimate Flow Rate  =  957 gpm  
      =  127.93 cfm 
     

    Velocity  =  4*(127.93 cfm) 
             π*(8/12)2 

 

    Velocity  = 366 fpm 
 

The calculated 376.83 fpm is less than the maximum 600 fpm, an eight-inch (8") stainless steel air vent is 
proposed.  
 

J. Force Main Surge Calculations 
 
Since the regulating jurisdictions do not have any published surge calculation requirements, the City of 
Houston's were utilized.  Force main surges occur during intermittent on/off pump operation and during 
power failure.  At firm capacity, the station operates at approximately 32.88 psi (~75.96 ft TDH). In force 
mains of this size and length, surge wave velocity and water hammer often pose threats to the integrity 
of the system especially the check valves.  Calculations to determine the pressure wave velocity, time 
period and associated surge pressure for the eight-inch (8") diameter force main are as follows: 
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1. Pressure Wave Velocity   
 

a = [1 / [(w/g) * [(1/K) + (D/e) * (C/E)]]]1/2 

Where: 
 
a  = Pressure wave velocity (ft/s) 
w/g  = Mass density of water (slugs/cf) 
K  = Bulk modulus of water (lb/sf) 
D/e  = Dimensionless ratio of pipeline diameter to its wall thickness 
C  = Coefficient of pipe support condition (dependent on Poisson's ratio) 
E  = Young's Modulus of Elasticity for pipe material (lb/sf) 

 
a = [1 ÷ [(1.938) x [(1 ÷ 43,200,000) + (9.05 ÷ 0.503) * (0.85 ÷ 70,560,000)]]]1/2 
 
a = 1,467 ft/s 

 
2. Surge Pressure – Sudden Flow Stoppage  

  
Where: 

    h = surge pressure (psi) 
 h = av   v   = flow velocity (ft/s) 
        g   g        =        gravity (ft/s2) 
 
    h  =   1,467 ft/s x (3.52 ft/s) 
                    32.2 ft/s2 x 2.31 ft/psi 
 
    h  =  69.41 psi 

  
3. Pressure Wave Critical Period  

  
Where: 

    t = time for pressure wave to cycle entire force  
t = 2L     main (s) 
       a   L   = length of force main (ft) 

    a        =       pressure wave velocity (ft/s) 
 
    t  =  2 x 3,130 ft 
            1,467 ft/s 
 
    t  =  4.27 s 
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4. Change in Pressure Wave Velocity (each run of force main)   
 

Where: 
    h = surge pressure (ft) 
 Δv = Gh   G       =       gravity (ft/s2) 
           a   a        =       pressure wave velocity (ft/s) 
 
    Δv  =  32.2 ft/s2 x 69.41 psi 
                                 1,467 ft/s 
 
    Δv  =  1.52 ft/s 

 
 

1. Is “Critical Period” greater than 1.5 seconds Y 

2. Is the maximum flow velocity in the force main greater than 4.0 ft/sec? N 

3. Will any check valve in the force main close in less than the “Critical Period” (2L/a)? Y 

4. Will the pump or motor be damaged if allowed to run backwards, up to full speed? N 

5. Is the factor of safety for the force main less than 3.5 under normal operating conditions? N 

6. Are there any automatic quick closing valves in the force main set to open/close in less than 5 seconds? N 

7. Are there any automatic valves within the pumping system that become inoperative due to loss of 
pumping system pressure? 

N 

8. Will the pump(s) be tripped off prior to full closure of the discharge valve? N 

9. Will the pump(s) be started with the discharge valve open? N 

 
Based on the table above, surge concerns exist. Air-cushioned check valves on the header piping are 
proposed. 
 

K. Emergency Provisions 
 
To comply with the rules and regulations of 30 TAC Chapter 217- Design Criteria for Wastewater Systems, 
the lift station will be equipped with an autodialer with battery backup to alert the operator to conditions 
affecting various pieces of equipment critical to the function of the lift station. 
 
A 60 kW diesel engine drive emergency generator with an automatic transfer switch capable of operating 
all critical lift station equipment during all three phases will be constructed in this project. (Critical 
equipment includes two (2) 20 HP pumps and all lighting panel loads.) 
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The pump curves shown are based on ABS Sulzer XFP100E CB1 PE1-2. The system curve represents approximately 3,130 linear feet (3,130') of 
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Program version Data version

2/8/2023 15:02 A2P2

User group(s)

Xylem: USA - EXT

40 °C

Patented self cleaning semi-open channel impeller, ideal for pumping in
waste water applications. Modular based design with high
adaptation grade.

Head

465 239mm

69.5%
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NP 3153 HT 3~ 465

239 mm

Number of blades
2

Technical specification

P - Semi permanent, Wet

Configuration

4 inch

Impeller diameter
239 mm

Discharge diameter
4 inch

Motor number Installation type
N3153.660 21-15-4AA-W
12hp

Inlet diameter

Maximum operating speed
1765 rpm

Material

Curves according to:

Pump information

Discharge diameter

150 mm

Impeller diameter

Impeller
Stainless steel

Water, pure [100%],39.2 °F,62.42 lb/ft³,1.6891E-5 ft²/s

Curve: ISO 9906

Max. fluid temperature

Water, pure
 

Configuration

Xylect-20135634
2/13/2023Last updateCreated on 2/13/2023

Eric PrescottCreated byProject
Block

EXHIBIT G



67.0  -  2/2/2023 (Build 105)

Program version Data version

2/8/2023 15:02 A2P2

User group(s)

Xylem: USA - EXT

NP 3153 HT 3~ 465
Technical specification
Motor - General

Frequency Rated voltage

Rated powerRated speed

Rated current

460 V

12 hp1765 rpm

16 A

3~N3153.660 21-15-4AA-W
12hp

Phases

Total moment of inertia
1.94 lb ft²

Power factor - 1/1 Load
0.78

0.71

0.58

88.6 %

88.7 %

87.3 %

ATEX approved

60 Hz

Number of poles
4

Stator variant
5

Insulation class
H

Type of Duty

Motor - Technical

Power factor - 3/4 Load

Power factor - 1/2 Load

Motor efficiency - 1/1 Load

Motor efficiency - 3/4 Load

Motor efficiency - 1/2 Load

Starting current, direct starting

Starting current, star-delta

114 A

38 A

S1

Starts per hour max.
30

No

Version code
660

Motor number

Xylect-20135634
2/13/2023Last updateCreated on 2/13/2023

Eric PrescottCreated byProject
Block



67.0  -  2/2/2023 (Build 105)

Program version Data version

2/8/2023 15:02 A2P2

User group(s)

Xylem: USA - EXT

NP 3153 HT 3~ 465
Performance curve
Duty point

74.3 ft279 US g.p.m.
HeadFlow

Curves according to:
Head

Efficiency
Overall Efficiency

Power input P1
Shaft power P2

NPSHR-values

465 239mm [Pump 1+2]465 239mm [Pump 1]

69.5%

 74.3 ft

 57.8 %

 50.6 %

 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp

465 239mm [Pump 1+2]465 239mm [Pump 1]

 74.3 ft

 57.8 %

 50.6 %

 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp

465 239mm [Pump 1+2]465 239mm [Pump 1]

 74.3 ft

 57.8 %

 50.6 %

 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp465 239mm [Pump 1+2] (P2)

465 239mm [Pump 1] (P2)
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 57.8 %

 50.6 %

 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp

465 239mm [Pump 1+2] (P1)
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 50.6 %

 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp
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 18.1 hp

 13.4 ft

 557.2 US g.p.m.

 20.7 hp
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67.0  -  2/2/2023 (Build 105)

Program version Data version

2/8/2023 15:02 A2P2

User group(s)

Xylem: USA - EXT

US g.p.m.

Pumps / Flow Head Shaft power Flow Head Shaft power Hydr.eff. Spec. Energy NPSHre
Systems

2  /  1 279 74.3 9.06 557 74.3 18.1 57.8 % 461 13.4
1  /  1 441 62 10.2 441 62 10.2 68 % 328 13

US g.p.m.

NP 3153 HT 3~ 465
Duty Analysis

Curves according to: Water, pure [100%] ; 39.2°F; 62.42lb/ft³; 1.6891E-5ft²/s

Head

Eff iciency
Overall Eff iciency

NPSHR-values

465 239mm [Pump 1+2]465 239mm [Pump 1]

69.5%

 74.3 ft

 57.8 %

 50.6 %

 13.4 ft

 557.2 US g.p.m.

465 239mm [Pump 1+2]465 239mm [Pump 1]
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 57.8 %

 50.6 %

 13.4 ft

 557.2 US g.p.m.

465 239mm [Pump 1+2]465 239mm [Pump 1]

 74.3 ft

 57.8 %

 50.6 %

 13.4 ft

 557.2 US g.p.m.

465 239mm [Pump 1+2]465 239mm [Pump 1]
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 50.6 %
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67.0  -  2/2/2023 (Build 105)

Program version Data version

2/8/2023 15:02 A2P2

User group(s)

Xylem: USA - EXT

NP 3153 HT 3~ 465
Dimensional drawing

*Only applicable for intermittent duty. 

Consult the IOM for more info
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Data sheet

Viscosity
Density of fluid

Temperature °F

lb/ft³
ft²/s

Operating data

Design

Make

Frame size

Design

Operating speed rpm

Stages 1

Suction port Pressure rating
Flange size

Standard DIN EN 1092-2

PN 16

Discharge port Pressure rating

Flange size
Standard EN 1092-2

DN 80
PN 16

Impeller type

Impeller size
Max.
Min. inch

inch
inch6

5 11/16

4 13/16

US g.p.m.285
ft76

Head H(Q=0) ft121
Required pump NPSH ft

Shaft power hp

Efficiency %64

Materials
Casing
Cover

Suction cover material
Discharge cover
Shaft Stainless steel EN-1.4021+QT800 (A 276 Type 420)

Grey cast iron EN-GJL-250 (A 48 Class 35B)
Ductile cast iron EN-GJS-600-3

Grey cast iron EN-GJL-250 (A 48 Class 35B)
Grey cast iron EN-GJL-250 (A 48 Class 35B)

Flow

8.55

Single vane impeller

3,462

OpenSubmersible pump

 80-170
Amarex DSeries

Grease lubrication. lubricated for lifetimeLubrication
Nos. of  bearings
Type of bearings Antifriction

1 / 1

D-flectorSuction cover

Fluid

K2573-62-080170D/0Curve number

KSB SE & Co. KGaA, Turmstrasse 92, 06110 Halle (Germany), Phone +49 (345) 48260, Fax +49 (345) 4826 4699, www.ksb.com

Pump type Amarex D-max   80-170/068F2YSG

Application range Head Flow
From
To ft

ft121
13 409

82.6
US g.p.m.

US g.p.m.

Head

2023-02-13
Page 1 / 5

Project
Customer pos.no
Project ID
Created by
Pos.no 1

Ashland Lift Station No. 1

Quiddity

68
1.08E-5
62.3

KSB

Nennweite

Nennweite

DN0
DN1

DN2
DN3 DN 100

Discharge port: discharge elbow (DN3)

---

Ductile cast iron EN-GJS-600-3Impeller
O-Rings Nitrile-butadiene-rubber NBR

Hydraulic acceptance acc.



Shaft seal

Type of seal
Arrangement:
Seal on medium side
Mechanical seal. pump-side
Mechanical seal. bearing-side

Coating

Preparatory treatment
Blasting method
Primer
Dry film thickness primer
Top coat
Solids content
Dry film thickness top coat
Color Ultramarine Blue (RAL 5002 to DIN 6174)

> 3 mils (80 microns)
> 82 %
2-component epoxy resin
> 1 1/2 mils (35 microns)
Zinc phosphate or Zinc dust
Steel grit blasting
SSPC near white SP 10

Carbon / Silicon carbide
Silicon carbide / Silicon carbide
With protected spring
Tandem
Double mechanical seal

Data sheet

Amarex D-max  80-170/068F2YSGPump type

Monitoring

Thermal winding protection
Explosion proof protection
Motor housing monitoring

By temperature sensitive switches
By temperature sensitive switches

Installation

2023-02-13
Page 2 / 5

Project
Customer pos.no
Project ID
Created by
Pos.no

Quiddity

Ashland Lift Station No. 1

1

Resin grouted cable glandCable Entry
Elastomers Nitrile rubber (NBR)

By conductive moisture sensor electrode



Amarex D-max   80-170/068F2YSG

Speed 3,461.9 1/min

KSB SE & Co. KGaA, Turmstrasse 92, 06110 Halle (Germany), Phone +49 (345) 48260, Fax +49 (345) 4826 4699, www.ksb.com

50 %

50 %

55 %

55 %

57 %

57 %

60 %
63 %

65 %

Ø 5.984

Eff.  66.7%

Ø 4.803

58.4%

Ø 5.669

64.5%

Ø 5.669

Ø 4.803

Ø 5.984

Ø 5.669
Ø 4.803

Ø 5.984

Head

Shaft power P2

Hydraulic efficiency

H / ft
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η / %

15
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60

A1

75.97 0.22775.97 0.227

8.5538.553

285.4

64690

63.97

285.4

64690

63.97

▕ ▏◄ Application range ►

Pump type

Performance curve

Impeller type  
Impeller size

Single vane impeller 
5 11/16inch Density of flui6d2.322 lb/ft³ 

Viscosity 1.082E-5 ft²/s

Open Curve number
Frequency

K2573-62-080170D/0
60 Hz

,

Page 7 / 9Customer pos.no
1Pos.no
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technische Änderungen vorbehalten

technical modifications reserved

NUR FÜR ANFRAGE/ANGEBOT

FOR INQUIRY/OFFER ONLY

A-A

AA

Modification
Änderung/Revision Datum/Date Name/Nom

Maßstab/Scale/Echelle

Z eichnungs-Nr./Drawing No./N° Plan

SCHUTZVERMERK DIN 34-1-D

CAD-BEZEICHNUNG

Baureihe-Größe/Type-Size

T urmstraße 92-100

D-06110 Halle (Saale)

KSB SE & Co. KGaA

KSB -Nr./KSB No./N° KSB0 30.04.2021 emmrpat

H
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Amarex D 80-170 / NG10

stationary installation

stationäre Aufstellung

CAD

1:10

A 2

Project Project ID Pos.noAshland Lift Station No. 1 Quiddity Page 8 / 91 Amarex D-max   80-170/068F2YSG
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104 °F (40 °C)

Amarex D-max   80-170/068F2YSG

Rated HP (D.O.L) or VFD

Nominal speed

Main cable

Rated voltage

Rated current

Rated frequency

Starting mode

Control cable

Direct starting

-
IP68

---
1 x AWG 13-7+16-3

60

30

9.12

230

227.9

3,452
23.5

Motor manufacturer V

hp

A

Hz

A

A

No. starts / h

Design acc. standard

Explosion protection

Degree of protection

rpm

Starting current

cos phi

Coolant temperature < / =

Cable. outer sheath Waterproof synthetic rubber compound
26 ft (8 m)Cable length

0.73 inch...0.77 inch
Diameter
Diameter

0.83
0.76
0.62
0.39

9.1
6.8
4.6
2.3

hp %

Data sheet: Motor data

Motor type

Load

4/4
3/4
2/4
1/4

Insulation class

Pump type

Grey cast iron EN-GJL-250 (A 48 Class 35B)Discharge cover

P2 IP1 eta

88.9
89.2
83.9

87.3
5.74
3.81
2.03

15.5
19.0

13.1

23.5

Starting to rated current 9.7

7.79

P2/P2n  / %0 10 20 30 40 50 60 70 80 90 100 110

cos φ

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

₂P  / hp0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10

n / rpm

0

400

800

1,200

1,600

2,000

2,400

2,800

3,200

3,600

4,000

93.8 %

0.8220.822

A1

93.8 %

0% 25% 50% 75% 100%

125%

8.553

3462

8.553

3462

 — n 
 — cos φ 

Max. voltage
Min. voltage

V
V

242
219

kW

KSB SE & Co. KGaA, Turmstrasse 92, 06110 Halle (Germany), Phone +49 (345) 48260, Fax +49 (345) 4826 4699, www.ksb.com
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SUBMITTAL

Grundfos Series SE Sewage Pump with Open S-Tube Impeller
QUOTE NUMBER / ID  1400588 

 
REPRESENTATIVE 
ENGINEER 
CONTRACTOR 

UNIT TAG 001
SERVICE 
SUBMITTED BY 
APPROVED BY 
ORDER # 

QUANTITY 1
 
DATE 
DATE 
DATE 

SE.A40.175.2.52S.C.EX.61R.A.Z
3569 rpm

 
Part
Number

99966116 Ref. Only

Conditions of Service
Flow 278.0 USgpm
Head 74.50 ft
Liquid Cold Water
Temperature 68.00 deg F
NPSHr 15.31 ft
Viscosity 1.00 cP
Specific Gravity 1.000 SG

Pump Data
Impeller Diameter 5.67 in
Cooling Jacket YES

Efficiency 56.06 %
Suction 4 in.
Discharge 4 in.

Motor Data
Motor HP 17.5 HP
BHP 9.33 HP
Enclosure Explosion Proof
Voltage 460 V
Phase 3 Phase
Cycle 60
Full Load Amps 23
Locked Rotor Amps 213
Nema Code Ltr H

0

15

30

45

60

75

90

105

120

135

150

H
ea

d 
- f

t

5.67 in

38

38

50

50

58

58

62

62

64

64

65

65

6.38 in

5.20 in

0

25

50

0 100 200 300 400 500 600 700 800 900 1,000 1,100 1,200

N
PS

H
r -

 ft

Flow - USgpm

NPSHr

EXHIBIT I



 

SUBMITTAL

Grundfos Series SE Sewage Pump with Open S-Tube Impeller

QUOTE NUMBER / ID  1400588 UNIT TAG 001  SE.A40.175.2.52S.C.EX.61R.A.Z

NOT FOR CONSTRUCTION, unless certified and referenced on order

Units C F ZØ1 Z1 Z2 Z3 Z4 Z6 Z7 Z8 Z9 Z10 Z11 Z12a Z12b Z15 Z16 ZDC1 ZDN1 ZDT1 ZL1 ZL2 ZM Z23 EX
S3OPR

EX

inches 18.70 15.00 8 X M20 44.90 9.10 4.30 8.70 36.20 27.30 19.80 4.30 2.40 48.50 3.60 9.50 8.70 16.30 7.50 ANSI 4" 0.80 17.40 4.20 4 X M16 12.20 15.80



Product description

Pos.no Description Item no. Quant.
1 XFP100E CB1 60HZ (wet pit)

1.1 Centrifugal pump: XFP100E CB1 (wet pit) 2

XFP PE1-3
Type: XFP100E CB1 (wet pit)

Submersible sewage pump type ABS XFP is designed for municipal and industrial wastewater equipped with Premium
Efficiency (IE3 level) motor for:

Main applications

- Water and wastewater
- Sewage containing solids and fibrous material
- Sewage with sludge and high content of rags
- Industrial raw water
- Municipal combined sewage and storm water systems.

Main design features

- Premium efficiency IE3 motors in acc. with IEC60034-30
- Approval for ATEX (Ex II 2G k Ex db IIB T4 GB), FM and CSA as standard
- Water pressure-tight encapsulated fully flood-proof motor
- Motor insulation according to Class H (140°C temperature sensors) 
- Temperature rise according to NEMA Class A
- Continuously rated motor suitable for wet and dry installation as standard
  for PE1 and PE2 in 50Hz. Optional for 60Hz
- PE3 has the option of internal closed loop cooling system for dry installation
- EMC version as option for PE1-3
- Condition monitoring of temperature and water ingress.
- Solid passage min. 75 mm and greater for CB Plus
- Hydraulics with open CB Plus type single and multi-vane (PE3) or vortex impellers
  suitable for handling of water, polluted water, sewage containing solids,
  faecal slurry and sludge

50Hz
Capacity up to 750 m3/h
Head, max. 74 m

60Hz
Capacity up to 3500 US g.p.m.
Head, max. 330ft

Type: XFP100E CB1 (wet pit)
Technical data
Delivery rate : 266.4 US g.p.m.
Delivery head : 71.51 ft
Hydr. Efficiency : 52.79 %
Total efficiency : 48.66 %
Shaft power : 9.34 hp
Speed : 1771 rpm
Impeller type : Contrablock Plus impeller, 1 vane
Motor output : 14.08 hp
Voltage : 460 V
Frequency : 60 Hz
Suction outlet : DN100 
Discharge outlet : DN100 

Selected configuration of the pump:
Product code: GX6J

1-2 Factory and family -> static: GX
3 Hydraulic Type: 6 = XFP100E CB1 (wet pit)
4 Motor Size: J = PE105/4-E-60HZ
5 Explosion Proof / Di:  = 
6 Voltage:  = 
7 Impeller Size - Material:  = .3 
8 Cable Length:  = 
9 Shaft Material / Hydraulics:  = 
10 Seal type:  = 
11 Paint finish:  = 
12 2nd Mechanical option:  = 



Product description

Pos.no Description Item no. Quant.
13 Installation type:  = 
14 Motor Oil Fill / Cooling:  = 
15 Blank / Bearing Monitor:  = 

EXHIBIT J
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▕ ▏◄ Application range ►

Testnorm 

2023-02-13

ISO9906:2012,HI 11.6/14.6≤10kW

Operating data specification
Flow
Efficiency
NPSH 
Temperature
No. of pumps

Pump data
Type
Series
N° of vanes
Free passage
Discharge flange

Motor data
Rated voltage
Rated power P2
Number of poles
Power factor
Starting current
Starting torque
Insulation class

1750 rpm
92.4 %

42.2 lbf ft
IP 68

17.7 A

SULZER

9inch
Contrablock Plus impeller, 1 vane

DN100

71.5 ft
9.34 hp

3.15 inch

6.07 ft

XFP100E CB1 60HZ (wet pit)
XFP PE1-PE3

1

DN100

266.4 US g.p.m.

460 V
14.1 hp

4
0.81

106 A
87.3 lbf ft

H

Single pumps as parallel circuit

52.8 %

2
68 °F

WaterFluid
Nature of system

Make
Impeller
Impeller size
Suction flange

Frequency
Nominal Speed
Efficiency
Rated current
Rated torque
Degree of protection

Head
Rated power

No. starts per hour 15

Wet Well installation with pedestal
Type of installation

Moment of inertia 0.71 lb ft²

60 Hz

Power input 10.1 hp

This pump (non oil-cooled) is suitable for wet
pump installation only.
It is NOT suitable for dry pump installation.



60
Discharge

DN100
Frequency

Density

62.32 lb/ft³

Viscosity

1.005 mm²/s

Testnorm Rated speed

1771 rpm

Date

2023-02-13
Flow
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Hz
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Impeller size
9inch Contrablock Plus impeller, 1 vane

ISO9906:2012,HI 11.6/14.6≤10kW
Shaft powerHead Hydraulic efficiencyNPSH

71.5 ft 9.34 hp 52.8 % 6.07 ft

Power input

10.1 hp 14.1 hp

Rated power P2

N° of vanes Impeller Solid size Revision
1

Sulzer reserves the right to change any data and dimensions without prior notice 
and can not be held responsible for the use of information contained in this software.

3.15 inch

Spaix® 4, Version 4.3.12 - 2020/05/28 (Build 328)

This pump (non oil-cooled) is suitable for wet
pump installation only.
It is NOT suitable for dry pump installation.

June 2020Data version

XFP100E CB1 60HZ (wet pit)XFP100E CB1 60HZ

Pump performance curves
Curve number

Reference curve
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Starting current

4 2023-02-13

Tolerance according to VDE 0530 T1 12.84  for rated power

106 A 1.07 lb ft²

1.3

Rated power

14.1 hp

Service factor

Starting torque No. starts per hour

87.3 lbf ft
Moment of inertia

15

Nominal Speed

1750 rpm

Number of poles Rated voltage Date
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Motor performance curve

PE105/4-E-60HZ

PE2Frequency

Symbol No load 25 % 50 % 75 % 100 % 125 %

₂P  / hp 0 3.52 7.04 10.56 14.08

₁P  / hp 0.3424 4.116 7.743 11.41 15.24

η / % 0 85.52 90.93 92.56 92.4

n / rpm 1800 1790 1779 1767 1754

cos φ 0.03956 0.4049 0.6324 0.7537 0.8057

I / A 8.1 9.514 11.46 14.17 17.7

s / % 0.0007998 0.5572 1.163 1.819 2.56

M / lbf ft 0 10.33 20.79 31.39 42.17

Hz60



BRAZORIA COUNTY MUNICIPAL UTILITY DISTRICT No. 82

ASHLAND LIFT STATION No. 1

SAFETY CONSIDERATIONS

1. Provide a design resistant to a 1% annual chance flood.

2. Provide manual ventilation in the wet well to ensure fresh air always provided and stable pressure 
conditions.

3. Provide safety grating under access hatches at areas where open access is needed for pump 
removal.

4. Provide lockable gate and security fence around lift station perimeter to restrict access to 
unauthorized personnel.

5. Provide explosion proof motors on all equipment.

6. Provide warning signs on fence and electrical control panels.

7. Provide grounded front electrical control panels.

8. Color code piping to provide identification.

9. Provide tracer tape with label on force main.

EXHIBIT K



EXHIBIT L

TCEQ SUMMARY TRANSMITTAL LETTER

(PENDING)



EXHIBIT M

TCEQ APPROVAL LETTER

(PENDING)
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10710 South Sam Houston Parkway West, Suite 100   *   Houston, Texas 77031   *   713-722-7064   *   Fax 713-777-0341 

 
 
July 7, 2022 
 
Anchor MP Holdings, LLC 
101 Parklane Boulevard, Suite 102 
Sugar Land, Texas 77478 
 
Attn: Travis Janik, Project Manager - Land Development 
 
Ref: Report of Geotechnical Consulting Services – Design Level Study 

Phase I Angleton Tract – Lift Station  
 Angleton, Brazoria County, Texas 

TWE Project No. 22.14.070 
 

Dear Mr. Janik, 

Tolunay-Wong Engineers is pleased to submit this geotechnical report for the referenced project. This 
report summarizes the field and laboratory testing programs and presents geotechnical recommendations 
for the lift station. 
 
We appreciate the opportunity to work on this project and look forward to the opportunity to provide 
additional services as the project progresses. If you have any questions regarding this report or if we can 
be of further assistance, please contact our office. 

Sincerely, 
 
TOLUNAY-WONG ENGINEERS, INC. 
TBPELS Firm Registration No. F-124 

                                                           
Carlos S. Aguirre, E.I.T.     David Barreiro, P.E., D.GE, LM.ASCE 
Project Geotechnical Engineer    Vice President - Geotechnical Services 

    
         7-7-2022        
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1 INTRODUCTION 

Anchor MP Holdings contracted Tolunay-Wong Engineers (TWE) to perform a geotechnical study 
for the design and construction of a lift station located within the planned Phase I Angleton Tract 
residential development. 
 
The geotechnical study was performed in accordance with TWE Proposal No. P21-E391 dated 
June 16, 2022 and was authorized by Mark Janik as Vice President of Land Development with 
Anchor MP Holdings on June 16, 2022. 
 
Phase I of the project tract covers approximately 510 acres bound by Texas State Highway 288 to 
the east and Farm to Market 521 Road, and approximately 1/2 mile to the north of the intersection 
of FM 523 and Anchor Road Angleton, Brazoria County, Texas.  
 
We understand the lift station will be located near the planned recreation center and considered the 
design base slab bearing depth at approximately 35 to 40 feet below ground surface.  
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2 PURPOSE and SCOPE of SERVICES 

The purpose of the geotechnical study was to explore the subsurface conditions at the project site 
to develop geotechnical design and construction recommendations for the proposed lift station. 

The scope of services included the following: 

1. Field exploration program consisting of 1 soil test boring (B-61) advanced to depth of 50 feet 
below ground surface to evaluate the subsurface soil and groundwater conditions. 
 

2. Laboratory tests on recovered soil samples to evaluate soil index and strength properties. 
 

3. Geotechnical report deliverable summarizing the findings and providing geotechnical 
design and construction recommendations. 

 
The authorized scope of services did not include either an environmental site assessment or a 
geologic fault study. 
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3 EXPLORATION PROGRAM 

3.1 Subsurface Exploration 

The subsurface exploration program consisting of 1 soil test boring was performed on June 29, 
2022. The approximate soil test boring location is shown on the appended Soil Boring Location 
Plan.  

3.2 Drilling Methods 

The field exploration was conducted using a geotechnical drilling rig. The borehole was initially 
advanced using dry-auger drilling methods and then completed with rotary wash methods once 
freewater was encountered. 
 
Upon completion of the soil sampling activities and groundwater level measurements, the borehole 
was backfilled with soil cuttings to the ground surface.  

3.3 Soil Sampling 

Continuous soil sampling was conducted in the upper 10 feet of the boreholes, and then at 5-foot 
intervals to the soil test boring termination depths. Soil sampling was performed in accordance 
with the applicable ASTM Standards. Undisturbed soil samples were recovered using thin-walled 
Shelby tube samplers. 
 
The TWE geotechnician initially visually classified the recovered soils in the field and obtained 
strength measurements of recovered undisturbed samples using pocket penetrometer equipment. 
Soil specimens were preserved in the field and transported to the TWE geotechnical laboratory. 
Recovered samples were not examined, either visually or analytically, for chemical composition 
or environmental hazards. 

3.4 Boring Log 

The engineering interpretations of the subsurface findings at the boring location are presented in 
the appended boring log. The soil classifications were developed in accordance with ASTM 
Standards and published correlations. The transitions between various soil strata could occur 
gradually. Actual subsurface soil conditions could vary away from the test boring location. When 
reviewing the boring log, reference should be made to the appended Key to Symbols and Terms. 
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3.5 Groundwater Level Measurements 

The boring was initially dry-augered to evaluate the presence of perched groundwater or freewater 
conditions in the borehole. Freewater was encountered at 24 feet below ground surface and was 
measured to rise to approximately 17 feet after 15 minutes. Short-term groundwater level 
observations in open boreholes may not accurately reflect the stabilized groundwater conditions. 
 
It is noted that the previous geotechnical exploration program performed on the project tract 
encountered groundwater levels within the upper 10 feet below ground surface, and as shallow as 
2 feet below grade.  

3.6 Laboratory Testing Program 

Laboratory tests were conducted on selected soil samples to assist with the classification of the 
recovered soil specimens and with the evaluation of the soil index and strength properties. 
Laboratory tests were performed in general accordance with ASTM Standards. The undrained 
shear strengths of clay specimens were evaluated using unconfined compression tests and pocket 
penetrometer testing. Results of the laboratory testing are presented in the appended boring log. 
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4 SUBSURFACE CONDITIONS 

Engineering interpretations of soil and groundwater conditions at the project site are based on 
information obtained from the soil test boring and TWE local experience. Subsurface conditions 
could vary away from the exploration test site. Significant subsurface variations that could be 
identified during the construction-phase of the project will warrant revisiting the engineering 
analyses and recommendations. 

4.1 Regional Geology 

The project tract is located in an area mapped with Beaumont Formation soils. Most of the tract is 
identified with predominantly clay soils, except for the northeastern areas of the tract which are 
identified with predominantly sand soils. The Beaumont Formation includes mainly stream 
channel, point-bar, natural levee, back swamp, and to a lesser extent coastal marsh and mud-flat 
deposits consisting of mostly clay, silt and sand.  

4.2 Subsurface Conditions 

The appended boring log should be reviewed for the field and laboratory test results. The 
subsurface profile at the lift station site consists of stiff to hard, fat clays (CH) to the boring 
termination depth of 50 feet. Sands seams may occur at various depths. While not observed in the 
recovered samples, fat clays in the greater Houston area are often slickensided.    

4.3 Groundwater Conditions 

Freewater was encountered at 24 feet during drilling operations and the water was observed to rise 
to 17 feet after 15 minutes. Of note, 3 piezometers were installed at the project tract for the previous 
geotechnical study (TWE 22.14.070, published June 6, 2022). The long-term groundwater 
readings at those piezometers suggest the natural groundwater levels to be at 2 to 3 feet below 
current site grades. 
 
Fluctuations of the groundwater level may be expected to occur seasonally because of rainfall, 
surface runoff, and immediate area construction activities. Groundwater level conditions should 
be verified just prior to construction. 
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5 TECHNICAL DISCUSSION  

5.1 Caisson Installation Method 

We considered a base slab bearing depth of 35 to 40 feet below existing grade. Based on typical 
local practice, we assumed the caisson method will be utilized for the construction of the lift 
station. 
 
The caisson is defined as the external walls of the reinforced concrete structure, erected at-grade 
or in a starter pit, and sunk by gravity to the final position through excavation inside the structure 
under dry or wet conditions. The complete caisson includes the structural base slab. The caisson 
walls provide lateral ground support during construction and for the permanent installation. 
 
In the dry construction method, the groundwater level is maintained below the excavation bottom. 
In the wet construction the external hydrostatic groundwater pressure is counteracted by water or 
slurry within the excavation. 
 
Bentonite slurry is often used as a lubricant within the annular space between the caisson wall and 
the surrounding soil to facilitate installation. 
 
Sandy soils can collapse into the open excavation, especially if located below the groundwater 
table, as the caisson is advanced into the ground. Shallow groundwater levels can also impact the 
construction methods. 

5.2 Bottom Instability 

Excavation bottom instability can occur when excavation depths result in upward hydrostatic 
forces and groundwater flow at the base of the excavation. In general, the upward pressure from 
groundwater can cause loosening of sandy soils, with the worst-case scenario having the sandy 
soils boil upward into the open excavation. 
 
The potential for bottom instability during lift station construction on this project is considered 
low considering the presence of very stiff fat clays at and below the planned base slab bearing 
depth. 
 
We recommend the contract documents provide for the measurement of the prevalent groundwater 
level shortly prior to the time of construction. Excavation bottom instability can be mitigated by 
construction dewatering or using wet caisson construction methods, if needed. 

5.3 Sidewall Instability 

Sidewall instability or collapse can occur during caisson construction when the excavation 
progresses below the bottom of the caisson. The potential for sidewall instability at the lift station 
location is considered low in the presence of the stiff to hard, fat clay soil profile.   
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If necessary, sidewall instability can be addressed during construction by wet caisson construction 
methods, minimizing the distance between the bottom of the caisson and the excavation surface, 
and by use of construction dewatering. 

5.4 Lateral Earth Pressure 

The walls of the lift station where horizontal movements are restricted should be designed for the 
at-rest pressure (Ko) with an appropriate factor of safety considered by the structural designer.  The  
clays can be considered with long-term drained condition Ko = 0.7. Hydrostatic pressure at depth 
should be considered in the analyses as appropriate. The Ko value presented above does not include 
a factor of safety. 
 
Surcharge loads adjacent to below grade walls, if present, should be incorporated into the pressure 
diagrams. Long-term lateral earth pressures used for design should consider the extreme 
groundwater level condition for the site. 
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6 GEOTECHNICAL SITE PREPARATION 

6.1 Subgrade Preparation 

Project site areas planned for construction, including lift station, ancillary structures and access 
pavement footprints, should be cleared and grubbed to remove vegetation including trees, brush, 
and grasses. Clearing and grubbing should result in the exposure of competent subgrade. 
 
The exposed subgrade soils in areas planned for access pavement and ancillary structure 
construction should be proofrolled with a pneumatic tire roller or fully loaded tandem-axle dump 
truck or similar equipment with a minimum weight of 15 tons under observation by the 
geotechnical engineer or his qualified representative. No less than two complete passes with the 
proofroll equipment should be completed over the entire project areas. Any soft, loose or saturated 
(pumping conditions) ground or areas that yield excessively during proofrolling should be properly 
mitigated at the direction of the geotechnical engineer. 

6.2 Groundwater and Surface Water Control 

The available piezometer data suggests the groundwater level should be expected below the 
caisson excavation depths.  We recommend that the contract documents provide for determination 
of the depth to groundwater just prior to the start of construction and for any remedial dewatering 
which may be required. 
 
Temporary groundwater control measures and techniques are determined by the contractor. 
Dewatering methods selected for the project should address bottom instability and limit 
disturbance of the foundation bearing soils. We recommend that the groundwater level be 
maintained at least 24 inches below all earthwork and compaction surfaces during construction.  
 
The ground surface should be graded to maintain positive drainage away from the lift station 
structure, ancillary structure foundations and pavement subgrades, both during construction and 
during the life of the structure. 

6.3 Fill Soils 

Fill soils for general site grading, undercut replacements, ancillary structure foundation bearing, 
and pavement subgrades should consist of clayey sand (SC) or sandy lean clay (CL) material. 
 

1. Fill soils should be free of organics, debris and otherwise deleterious materials. In general, 
suitable fill soils should have a liquid limit (LL) of less than 40, a plasticity index (PI) 
between 10 and 20, and at least 35% of the soil particles passing the No. 200 sieve. 

 
2. Fill soils should be placed with horizontal loose lift thicknesses of not more than 6 inches. 

The full depth of each lift should be compacted to 95% of the Standard Proctor maximum 
dry density (ASTM D-698). 
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3. To facilitate obtaining in-place compaction, the moisture content of the fill soils should be 
maintained within 3% of the optimum moisture content based on ASTM D-698. 

 
4. Fill compaction efforts should be implemented with surface roller equipment of appropriate 

size. 
 

5. Representative samples of the fill soils should be collected for classification and 
compaction testing. The maximum dry density, optimum moisture content, gradation and 
plasticity should be determined. These tests are needed for quality control of the compacted 
fill. 

 
6. Field density tests should be performed on the compacted fill at a frequency of one test for 

each 2,500 square feet of pavement area and one test at every ancillary structure 
foundation, per lift of fill. 

 
7. Involvement of TWE geotechnical engineering personnel during all site work activities 

will help to verify that procedures and results are as specified and as anticipated. Any issues 
identified during this process should be addressed by the geotechnical engineer in the field. 

6.4 Suitability of Excavated Material 

The fat clays (CH) encountered in the soil test boring have the potential for moisture-induced 
shrink/swell behavior and should be confined to areas where settlement and heave will not cause 
problems for structures directly supported on them. The suitability for reuse of the fat clays can be 
improved with lime stabilization methods. We recommend excluding non-stabilized, high 
plasticity CH clays from the upper 3 feet directly below structures or pavements. 
 
The excavated soils should be observed and documented by the geotechnical engineer or his 
qualified representative to determine suitability for project reuse. To facilitate suitability 
recommendations, representative samples of the excavated soils should be transported to the 
geotechnical laboratory for testing to include classification, index properties, Proctor compaction 
and strength testing.
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7 LIFT STATION  

Recommendations for the design and construction of the lift station foundation are based on the 
project information described herein, the available subsurface data, our engineering evaluation and 
TWE past local experience. If project information or design concepts change, we should be advised 
of the changes in writing and should be provided with an opportunity to review our 
recommendations as presented in this report considering the new design information. 

7.1 Shallow Foundations for Ancillary Structures 

Shallow foundations for ancillary project structures and equipment should be designed for an 
allowable bearing pressure of 2,000 psf and with minimum embedment depths of 18 inches below 
finished exterior grades. A minimum thickness of 6 inches of compacted fill conforming to    
Section 6.3 should be provided below those shallow foundation bases and extending a minimum 
of 12 inches laterally beyond the foundation perimeters. 

7.2 Base Slab Bearing Capacity 

Referencing soil test boring B-61, very stiff fat clays are anticipated at the planned base slab 
bearing depth zone. The fat clays are considered technically suitable for base slab support. 
 
An average allowable bearing pressure of 4,000 psf can be used at the base of the lift station at 
approximately 35 to 40 feet below ground surface, provided the bearing soils are not disturbed 
during construction. 

7.3 Uplift 

From a broader perspective, uplift resistance against hydrostatic pressures may be provided by one 
or a combination of the following methods:  
 

a.  Dead load 
b.  Structural tie-in to the sewer/water lines 
c.  Anchor piers or piles 
d.  Frictional resistance between soil and lift station wall 
 

Dead load: This is a simple design solution that is viewed as appropriate to resist moderate 
buoyancy forces. Wall and base slab thicknesses can be adjusted, as necessary. The uplift 
resistance should be provided only by the permanent dead loads of the empty lift station structure. 
A factor of safety considered appropriate to resist buoyancy forces is 1.1 for dead weight. 
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Another design approach is to include a base extension (or collar) at the foundation bearing level, 
which adds both the concrete dead weight and the buoyant weight (55 pcf) of soils above the base 
extension for calculating additional uplift resistance. A minimum FOS of 1.25 is suggested for the 
calculation of soil resistance provided by the wedge of soil extending on a 1:2 (H:V) slope line 
from the top of the collar to the ground surface. 
 
The concrete collar should extend a minimum of 12 inches beyond the exterior face of the caisson.  
For ease of construction, the collar could be constructed at shallower depths below exterior 
finished grades.  
 
Tie-in: For this design condition uplift resistance relies on the combined dead weight of the 
sewer/water line, any surrounding concrete details, and the soil overburden. Load transfer is via 
structural connections between the lines and the caisson structure. 
 
Anchors: Tension anchors are considered appropriate for the design of deep-bearing units 
constructed using caisson techniques. The anchors are connected to the lift station base slab and 
provide uplift resistance via skin friction. Where buoyancy forces are significant, anchors are 
considered an effective solution. 
 
Friction: This is the least reliable of all the design approaches because of uncertainties associated 
with (1) the potential for developing voids along the soil-wall interface during caisson excavation, 
(2) misalignment of the structure as it moves downward, and (3) the use of bentonite lubrication 
the annular space during caisson excavation. The concept of grouting the caisson structure in-place 
is not considered with 100% reliance.  

We do not favor reliance on frictional resistance between the adjacent soils and the lift station for 
uplift resistance for caisson design. If considered in design, the total friction capacity in the clay 
profile should be calculated by multiplying an allowable adhesion value of 500 psf by the affected 
lift station wall area; the upper 5 feet of lift station wall below ground surface should be neglected 
for skin friction resistance. A factor of safety considered appropriate to resist buoyancy forces is 
3.0 for soil friction
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8 LIMITATIONS and PLAN REVIEW 

8.1 Limitations 

This report has been prepared for the use of Anchor MP Holdings, Quiddity and other members of 
the project design and construction teams for specific application to the project discussed herein. 
This report was prepared in accordance with generally accepted geotechnical engineering practices 
common to the local area. No other warranty is expressed or implied. 
 
We request the opportunity to revisit and supplement, as necessary, our recommendations as 
provided in this report, if in fact our assumptions or understandings are incorrect or inaccurate. In 
such a case, we should be provided with appropriate site plans, and system installation procedures 
for our review and use. 
 
The recommendations are based on the field and laboratory soil data summarized in the appended 
documents. The subsurface findings at the field exploration location may not necessarily reflect 
the actual soil strata vertical and horizontal variations throughout the lift station footprint. The 
analyses and recommendations are also based in part on the geotechnical engineer’s engineering 
judgment and experience with similar project settings and conditions. 
 
TWE recommendations presented in this report must be revisited if subsurface conditions exposed 
during construction vary significantly from those described in this report. If any changes in the 
nature, design or location of the project are planned, the conclusions and recommendations 
contained in this report should not be considered valid unless the changes are reviewed, and the 
conclusions modified or verified in writing by TWE. 

8.2 Plan Review and Construction Observations 

TWE should be provided the opportunity to review the construction drawings to determine if those 
documents are in harmony with the intent of the geotechnical design and construction 
recommendations contained in this report. 
 
TWE should be provided the opportunity to observe and document the field conditions of exposed 
subgrade soils, geotechnical site preparation activities, placement and compaction of fill soils, and 
general foundation construction activities. 
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APPENDIX A 
 

SOIL BORING LOCATION PLAN  



B-61

KEY MAP: 795 T

COPYRIGHT  © 2018 GOOGLE MAP. ALL RIGHTS RESERVED.

COPYRIGHT  © 2018 GOOGLE MAP. ALL RIGHTS RESERVED.

COUNTY ROAD 32



 

  TWE 
  TWE Project No. 22.14.070 
  July 7, 2022 

APPENDIX B 
 

BORING LOGS and KEY to SYMBOLS and TERMS 
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TOLUNAY-WONG           ENGINEERS, INC.

LOG OF BORING B-61 (Lift Station)
PROJECT: Phase I Angleton Tract - Project Infrastructure Study

Single-Family Residential Development
CLIENT: Anchor MP Holdings, LLC

COMPLETION DEPTH: 50 ft NOTES: 1. Freewater was encountered at 24' and rose to 17.2 after 15 minutes.
2. Borehole backfilled with soil cuttings to ground surface upon work completion.DATE BORING STARTED: 6/29/2022

DATE BORING COMPLETED: 6/29/2022
LOGGER: S. Dookeran
PROJECT NO.: 22.14.070
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Project: Ashland Lift Station nO. 1

Given:

B= inside diameter of wet well (inches) 144.0 in

t= wall thickness of wet well (inches) 18.0 in

a= thickness of wet well top (inches) 24.0 in

b= Area of top slab 176.7 ft2

y= unit weight of soil (pcf) 90.0 pcf

c= soil friction (psf) from report 100.0 psf

y = elevation of flood plain (ft) 35.10 ft

z = elevation of ground (ft) 35.10 ft

y'= elevation of wet well top (ft) 35.70 ft

y"= elevation of wet well bottom (ft) 5.20 ft

y'"= elevation of bottom of bottom (ft) 3.20 ft

Solution:
Buoyancy Force- Area*Depth*Unit Weight of Water 

Depth-y-y" 29.90 ft

Area (pi*(OD/2)2)- 176.71 ft2

Water (wt) 62.4 lbs/ft3

Buoyancy Force- 329,706.73 lbs

Weight of Structure-
Weight of Wet Well-
Depth-y'-y" 30.50 ft

Weight of wall- 9542.58 lb/ft

Weight of walls- 291,048.68 lbs

Weight of Bottom
Thickness of Bottom- 2.00 ft

Area (pi*(OD/2)2)- 176.71 ft2

Concrete weight 150 lbs/ft3

Weight of bottom- 53,014.33 lbs

Weight of Top

Area of top 176.71 ft2

Thickness of Top 2.00 ft

Concrete weight 150 lbs/ft3

Weight of top- 53,014.33 lbs

Total Weight of wet well- 397,077.34 lbs

Safety Factor

Wet Well Bearing Pressure (dry)- 2,247.00 lbs/ft2

Allowable Bearing Pressure (dry)- 4,500.00 lbs/ft2 2.00

Wet Well Bearing Pressure (full)- 4,112.76 lbs/ft2

Allowable Bearing Pressure (full)- 4,500.00 lbs/ft2 1.09

PRELIMINARY Lift Station Bouyancy Calculation Sheet

EXHIBIT O



Soil Friction Force- 
Depth of wet well (z-y'") 31.90 ft

Distance to not include 5.00 ft

Length of soil friction- 26.90 ft

Distance around wet well 47.12 ft

Soil Friction 100.0 lbs/ft2

Soil Friction Force- 126,763.16 lbs

Weight of Concrete/1.1 360,979.40 lbs

Friction Force divided by 3 42,254.39 lbs

Total Resisting Force 403,233.79 lbs
Safety Factor

Buoyancy Force 329,706.73 lbs 1.22

Excess Resisting Force 73,527.06 lbs


