
Existing Culvert 
 
 

Determine headwater and outlet velocity for the existing culvert 
 

• Q50 = 40 cfs 
• Q100 = 50 cfs 
• TW50 = 853.56’ 
• TW100 = 853.84’ 

 
 

 
 
  



Existing Culvert 
 
Determine inlet control headwater (Chart 1B): 

 
• Q50 

• HW / D = ______ 

• HW = _____ * D = _____ * 2’ = ______’ 

• HWic = U/Sinvert + HW = 850.95’ + ______’ = _______’ 

 
• Q100 

• HW / D = ______ 

• HW = _____ * D = ______ * 2’ = ______’ 

• HWic = U/Sinvert + HW = 850.95’ + ______’ = _______’ 

 

  



 



Existing Culvert 
 
Determine outlet control headwater: 

 
• TW50 = 853.56’ 
• TW100 = 853.84’ 

 
• ke = 0.5 (squared edge with headwall) 
• n = 0.012 (concrete) 

 
• Determine headloss: 

 
HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 
Full barrel area = Afull =  D2 / 4 

           = (2 ft.)2 / 4 = ______ sft 

 

Full barrel hydraulic radius = R = Afull / Pfull = ( D2 / 4) / (  D) 

          = D / 4 = 2 ft. / 4 = ______ ft. 

  



Existing Culvert 
 
Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Is the downstream crown submerged? 

• Q50: 

Vfull = Q / Afull   (Continuity Eq.) 

     = 40 cfs / ______ sft. = _______ ft/s 

 

HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 

= (1 + 0.5 + 29 * (0.012)2 * 48’ / ( ____1.33 ) * (_______ ft/s)2 / (2 * 
32.2 ft/s2) 

       

= ______ ft. 

  



Existing Culvert 
 
Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Is the downstream crown submerged? 

• Q100: 

Vfull = Q / Afull   (Continuity Eq.) 

     = 40 cfs / ______ sft. = _______ ft/s 

 

HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 

= (1 + 0.5 + 29 * (0.012)2 * 48’ / ( ____1.33 ) * (_______ ft/s)2 / (2 * 
32.2 ft/s2) 

       

= ______ ft. 

 
  



Existing Culvert 
 
Determine outlet control headwater (cont.): 

 

• Determine outlet control headwater: 

• HWoc = TW + hL               (Assume Vu ≈ Vd) 

• Q50: 

HWoc = 853.56’ + ______’ = _________’ 

• Q100: 

HWoc = 853.84’ + ______’ = _________’ 

 

• Determine controlling headwater (HWc) for existing culvert: 

• Q50: 

HWic ____ HWoc ?? 

HWc = _________’ 

 

• Q100: 

HWic ____HWoc ?? 

HWc = _________’ 

  



Proposed Culvert 
 
 

Determine size, headwater, and outlet velocity for the existing 
culvert 

 
• Q50 = 40 cfs 
• Q100 = 50 cfs 
• TW50 = 853.56’ 
• TW100 = 853.84’ 

 
 
 
 
  



Proposed Culvert 
 
Determine inlet control headwater (Chart 2B): 

 
• Q50 

• HW / D = ______ 

• HW = _____ * D = _____ * 2’ = ______’ 

• HWic = U/Sinvert + HW = 850.35’ + ______’ = _______’ 

 
• Q100 

• HW / D = ______ 

• HW = _____ * D = ______ * 2’ = ______’ 

• HWic = U/Sinvert + HW = 850.35’ + ______’ = _______’ 

 

Note:  Proposed invert lowered 6 inches, per 5.3.4 in the Drainage 
Manual 

 

  



 



Proposed Culvert 
 
Determine outlet control headwater: 

 
• TW50 = 853.56’ 
• TW100 = 853.84’ 

 
• ke = 0.5 (squared edge with headwall) 
• n = 0.024 (assume worst case, CMP) 

 
• Determine headloss: 

 
HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 
Full barrel area = Afull =  D2 / 4 

           = (2 ft.)2 / 4 = ______ sft 

 

Full barrel hydraulic radius = R = Afull / Pfull = ( D2 / 4) / (  D) 

          = D / 4 = 2 ft. / 4 = ______ ft  



Proposed Culvert 
 

Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Use partial elements to determine Vpart and Rpart: 

• Q50: 

TW100 / D = (2.66 ft. + 0.5 ft.) / _____ ft. = _______ 

 

Based on partial elements: 

  Apart / Afull = ______ 

  Apart = _______ * Afull = ______ * _______ sft. = ______ sft. 

   

Vpart = Q / Afull = 50 cfs / ______ sft. = ______ ft/s 

   

Rpart / Rfull = _______ 

  Rpart = _______ * Rfull = _______ * _______ ft. = _______ ft. 

  



Proposed Culvert 
 

Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Use partial elements to determine Vpart and Rpart: 

• Q100: 

TW100 / D = (2.94 ft. + 0.5 ft.) / _____ ft. = _______ 

 

Based on partial elements: 

  Apart / Afull = ______ 

  Apart = _______ * Afull = ______ * _______ sft. = ______ sft. 

   

Vpart = Q / Afull = 50 cfs / ______ sft. = ______ ft/s 

   

Rpart / Rfull = _______ 

  Rpart = _______ * Rfull = _______ * _______ ft. = _______ ft. 

 
  



 

 

 

 



Proposed Culvert 
 
Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Q50: 

 

HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 

= (1 + 0.5 + 29 * (0.024)2 * 48’ / ( ____1.33 ) * (_______ ft/s)2 / (2 * 
32.2 ft/s2) 

       

= ______ ft. 

  



Proposed Culvert 
 
Determine outlet control headwater (cont.): 

• Determine headloss (cont.): 

• Q100: 

 

HL = (1 + Ke + 29 n2 L / R1.33 ) * V2 / 2g 

 

= (1 + 0.5 + 29 * (0.024)2 * 48’ / ( ____1.33 ) * (_______ ft/s)2 / (2 * 
32.2 ft/s2) 

       

= ______ ft. 

 

  



Proposed Culvert 
 
Determine outlet control headwater (cont.): 

 

• Determine outlet control headwater: 

• HWoc = TW + hL               (Assume Vu ≈ Vd) 

• Q50: 

HWoc = 853.56’ + ______’ = _________’ 

• Q100: 

HWoc = 853.84’ + ______’ = _________’ 

 

• Determine controlling headwater (HWc) for existing culvert: 

• Q50: 

HWic ____ HWoc ?? 

HWc = _________’ 

 

• Q100: 

HWic ____HWoc ?? 

HWc = _________’ 
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