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1. PROBLEM STATEMENT 

Each year, the South Dakota Department of Transportation builds a number of box culverts 
through its highway construction program. In the past, cast-in-place box culverts were used 
exclusively, but use of precast box culverts is becoming a viable option. The cast-in-place box 
culverts feature a beveled top edge and 30-degree flared wingwalls. A sketch of the cast-in-place 
culvert is shown in figure 1. The precast box culverts that are available from the South Dakota 
precast industry have wingwalls with a 0-degree flare (basically extensions of the culvert sides) 
and are mitered at a slope of 2: 1. The precast inlets also come with a standard 4-in (regardless of 
barrel size) beveled edge along the bottom of the top edge of the inlet opening and along the top 
inside edges of the wingwalls. The precast sections follow the Minnesota Department of 
Transportation standards that are also used by a number of other state departments of 
transportation. Schematics of three precast inlet sizes, including a 6 ft x 6 ft, 
8 ft x 8 ft, and a 12 ft x 12 ft box culvert, are shown in figures 2, 3, and 4. 

Currently, design coefficients for the precast inlet configurations described above are not 
available due to a lack of model testing. To aid the South Dakota Department of Transportation 
in comparing the performance, and therefore cost-effectiveness, of the precast versus cast-in­
place culvert inlets, culvert model experiments were undertaken at the Federal Highway's 
Turner-Fairbank Highway Research Center located in McLean, Virginia. 

2. EXPERIMENTAL SETUP 

All tests were conducted in an apparatus designed and built specifically for testing model 
culverts. The basic components of the apparatus, as shown in figure 5, consisted of a headbox 
connected by a model culvert barrel to a tail box. All of the components, the dimensions of 
which are shown in figure 5, were constructed of 3/4-in plywood. 

Water entered the headbox in a direction perpendicular to the centerline of the culvert barrel. 
Towards the rear of the headbox between the inflow pipe and the culvert inlet, a weir was 
installed to produce a uniform flow field across the cross-section of the head box. After passing 
over the weir, the water flowed under a sheet of plywood tied loosely to the sides of the headbox. 
The plywood, which was free to float on the surface of the water, acted as a wave suppressor. 
Water then entered the culvert inlet. 

After passing through the culvert barrel, water flowed into the tailbox where it was routed 
into a sump. The tailbox had an adjustable tailgate that allowed a backwater to be created for the 
model runs investigating culverts operating under outlet control conditions. 

Water depths in the culvert system were measured through ports in the plywood floor that 
were hydraulically connected via 1/8-in Tygon tubing to a pressure transducer. A valve manifold 
enabled each port to be isolated and the water depth measured via a commercially available data 
gathering/analysis software package. The transducer was calibrated daily prior to the conduct of 
experiments. 
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Figure 1. Sketch of South Dakota cast-in-place culvert inlet, 30° wingwall flare 
(tested by culvert model 3). 
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Figure 2. Schematic of the South Dakota precast culvert end section, 
6 ft x 6 ft box (tested by culvert model 5). 
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Model inlets, which were constructed of either 1/2 or 3/4-in acrylic, were attached to an 
extension of the culvert barrel that protruded through the wall of the headbox. The sides of the 
model inlets were backfilled with gravel. 

3. MODEL RUNS 

A test matrix was developed, in coordination with South Dakota Department of 
Transportation personnel, to investigate the effect of the following: 

• Wingwall flare. 
• Constant bevel height, regardless of culvert size. 
• Wingwall miter slope. 
• Parapets. 
• Culvert barrel slope. 

Table 1 details the culvert models tested in this study. Culvert model dimensions were 
developed from the dimensions shown in figures 1 through 4 with the appropriate scaling factor 
(as shown in table 1) applied. Photos of each of the culvert models (including models 1,2,3,5, 
and 6) are shown in figures 6 through 10, respectively. Note that culvert model 5 is shown 
installed in the headbox and that model 4, which is not shown, is simply culvert model 5 without 
the parapet. Each culvert was tested under both inlet and outlet control conditions. 

4. DATA ANALYSIS 

Inlet Control 

Design coefficients were developed by performing regressions of experimental data. For 
inlet control, unsubmerged conditions, design coefficients Kand M were developed using Form 
2 of the inlet control design equations (Normann, 1985) for each of the culvert models: 

Where: 
HW 
D 
A 
Q 
K,M 

FORM 2 HW - K[ Q ]M 
D ADo.s 

= headwater, ft. 
= culvert barrel rise, ft. 

cross-sectional area of culvert barrel, ft2
. 

flow, ft3/s. 
design coefficients. 
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Table 1. Model run test matrix. 
Model Culvert Parameters 

Barrel Wall Bevel 
Culvert Wingwall Wingwall Rise, D Slope Thickness Height Model 
Model Descriotion Ed!!e Tvoe Flare Miter (ft) (ft/ft) (ft) (ft) Scale 

Rectangular;benchmark run; compares to HDS-5 
1 Chart 8/3. 6 ft x 6 ft Souare o· 2:1 0.5625 0.03 0.0625 NA 1:10.67 
2 Rectangular 6 ft x 6 ft Souare o· 3:1 0.5625 0.03 0.0625 NA 1:10.67 

Rectangular with haunches and parapet; South Top edge 0.03, 
3 Dakota cast-in-olace model. 9 ft x 9 ft beveled 30° 2:1 0.6042 0.0175 0.0417 0.0250 1:15 

Rectangular with haunches; South Dakota precast Wingwall 
4 model of 6 ft x 6 ft box w/o parapet and top edge o· 2:1 0.5625 0.03 0.0625 0.0313 1:10.67 

beveled 
Rectangular with haunches and parapet; South Wingwall 

5 Dakota precast model of 6 ft x 6 ft box and top edge o· 2:1 0.5625 0.03, 0.0625 0.0313 1:10.67 
beveled 0.0175 

Rectangular with haunches; South Dakota precast Wingwall 
6 model of 12 ft x 12 ft box w/o parapet and top edge o· 2:1 0.75 0.03 0.0417 0.0208 1:16 

beveled 



Figure 6. Culvert model 1, HDS-5 chart 8, scale 3. 

Figure 7. Culvert model 2, 3: 1 wingwall miter. 
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Figure 8. Culvert model 3, cast-in-place, 30-degree wingwall flare. 

Figure 9. Culvert model 5, 6 ft x 6 ft precast, 0-degree wingwall flare . 



Figure 10. Culvert model 6, 12 ft x 12 ft precast, 0-degree wingwall flare. 

For culvert model 1, design coefficients (Kand M) were also developed using Form 1 of the 
culvert inlet design equations (Normann, 1985) to allow for a direct comparison to HDS-5: 

FORM I HW = H e + K[_iL]M + 0 .7S 
D D ADO.S 

Where: 
He specific head at critical depth, ft. 
S = slope, ft/ft. 
0.7 = slope correction factor for mitered wingwalls. 

For inlet control under submerged conditions, design coefficients c and Y were determined 
using Form 3 of the inlet control design equations (Normann, 1985) for each of the culvert 
models tested: 

FORM 3 HW = C [-1L] 2 

+ y + 0.7S 
D ADO.S 

Where: 
c,Y design coefficients. 
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Outlet Control 

The entrance loss coefficient under outlet control, K e, was calculated for each culvert model 
using the following equation: 

H = K [~] 
e e 2g 

Where: 
He = entrance loss, ft. 
V = velocity, ft/s. 
g = gravity, ft/s2

. 

Ke entrance loss coefficient. 

5. RESULTS 

A summary of the design coefficients developed for each of the model runs is presented in 
table 2. Where appropriate, design coefficients for a similar configuration in HDS-5 are 
included. Spreadsheets of the data analysis for each of the listed runs is presented in Appendix 
A. 

Plots of the regression lines developed from the experimental data for each of the runs 
presented in table 2 are shown in figures 1 la through 1 lp. Included on the plots are the 
individual data points as well as the line representing the region over which the regression 
coefficients were developed. Plots of the design curves for culvert model 1 vs HDS-5 are 
presented in figures 12a and 12b. Figures 13a through 16b were developed to compare the 
effects of various experimental parameters, including: 

• Wingwall miter. 
• Constant bevel. 
• Culvert barrel slope. 
• Inlet configuration (wingwall flare, wingwall miter, and parapets). 

6. DISCUSSION 

Inlet Control 

A comparison between the experimental results and HDS-5 for culvert model 1 is shown in 
figures 12a and 12b for unsubmerged and submerged conditions, respectively. Experimental 
results compare fairly well with HDS-5, given the uncertainty in the exact configuration of the 
HDS-5 model. Experimental results predict a lower (less than 10 percent) HW ID ratio than 
HDS-5 for both submerged and unsubmerged conditions. 

12 



...... 
w 

Culvert Run 
Model No. Figure No. 

I 39 l la,b; l2a,b; l3a,b; 
l6a,b 

5 

2 40 11 c,d; l 3a,b; l 6a,b 

20 

3 33 11 e,f; I 5a,b; I 6a,b 

32* l lg,h; l5a,b 

21 

4 34 l lij; l4a,b; l6a,b 

6 

5 43 11 k,I; l 5a,b; l 6a,b 

12* l lm,n; 15a,b 

14 

6 42 l lo,p; 14a,b 

26 

• Barrel slope= 0.0175; all other runs slope= 0.03 

Table 2. Summary of culvert inlet design coefficients . 
Inlet Control Outlet Control 

Unsubmerged Submerged 

Forml Form2 Laboratory HDS-5 Laboratory HDS-5 

Laboratory HDS-5 Laboratory 

K M K M K M C y C . y K, K, 

0.009 1.5432 0.061 0.75 0.4767 0.7252 0.0435 0.6152 0.0423 0.82 

0.68 0.7 

0.4850 0.6699 0.0407 0.6311 

0.59 

0.3896 0.7940 0.0331 0.6337 

0.4299 0.7332 0.0312 0.7288 

0.25 0.2 

0.4792 0.6753 0.0432 0.5671 

0.43 

0.4026 0.7875 0.0384 0.5853 

0.4889 0.6815 0.0343 0.7571 

0.40 

0.4368 0.7384 0.0506 0.5343 

0.64 



Figures 13a and b depict the effect of wingwall miter. For unsubmerged conditions (figure 
13a), the miter slope appears to have no effect. Under submerged conditions (figure 13b), the 3:1 
miter appears to be slightly more efficient at the higher HW/D ratios. 

Figures 14a and 14b depict the effect of the constant bevel height (in terms of the bevel 
height to culvert rise ratio, BID) regardless of culvert size. The plot of unsubmerged conditions 
(figure 14a) suggests that the BID ratio has little effect. For submerged conditions (figure 14b), 
however, the higher BID ratio results in a lower HWID ratio (approximately 11 percent at the 
upper end of the experimental flow range). For a constant bevel, therefore, the smaller culvert 
appears to be more efficient. 

The effect of the culvert barrel slope is depicted in figures 15a and b. The data suggest that 
under unsubmerged conditions, the slope has a small effect (figure 15a) with the higher slope 
being more efficient. Figure 15b depicts submerged conditions and shows that the slope has less 
of an effect than under unsubmerged conditions but that the higher slope is slightly more 
efficient. 

The last set of figures, 16a and 16b, present the effects of various experimental parameters, 
including the parapet, wingwall miter, and wingwall flare. For unsubmerged conditions (figure 
16a), the data suggest that the configuration does not have a large effect on headwater, with the 
exception ofwingwall flare. The data suggest the model of the cast-in-place, 30-degree flared 
wingwall inlet (model 3) is approximately 8 percent more efficient, over the experimental range, 
than the model of the 6 ft x 6 ft precast, 0-degree flared inlet (model 5). 

For submerged conditions (figure 16b), results similar to the unsubmerged conditions were 
observed. The data suggest the following: 

• culverts with a parapet are slightly more efficient than those without a parapet; 

• 3: 1 wingwall miter is slightly more efficient than the 2: 1 wingwall miter; 

• and the most efficient configuration tested appears to be the cast-in-place, 30-degree 
flared wingwall inlet (model 3). Data from this experiment show a predicted HWID ratio 
that is approximately 10 percent lower than the 6 ft x 6 ft precast, 0-degree flared inlet 
(model 5) under submerged flow conditions. 

Outlet Control 

Entrance loss coefficients, Ke, were computed for culvert models 1 and 3 under outlet control 
conditions. For culvert model 1, an experimental Ke of 0.68 was computed, compared to a value 
of 0.7 presented in HDS-5 (table 12, page 179). For culvert model 3, an experimental Ke of 0.25 
compares with the HDS-5 value of 0.2. 

The Ke values computed for culvert models 5 and 6 were 0.40 and 0.65, respectively. As 
with the inlet control runs, the data suggest that the lower the BID ratio the less efficient the 
culvert. The Ke for the 12 ft x 12 ft culvert (model 6) approaches that of a square edge. 
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The computed Ke for culvert model 4 of 0.43 (compared to a Ke of 0.40 for model 5) 
suggests that the parapet may be slightly beneficial in passing flow under outlet control 
conditions. 
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Figure 11 d. Regression line vs. data, submerged conditions, culvert model 2, run 40. 



C -
~ 

K 2 = 0.3896 M2 = 0.7940 Barrel Slope= 0.03 

10.0 I , , , ; 1 , 1 1 1 I I , , , , I 
:_ -·---- ·:~· ·::t --·· r·~·=~- :L= r •~i _____ ! ==···r~:r:·t ·:~··==·::::=:·=··~1·~ _ :·=t·~:=::: -·· _I_ -- __r·=~::=::t~·r ·:t= 

··- +· t- - -·-· t .. - - t- ·--- 1- .. - -- -- ·- - -- -- ---· - · --· -- -·- - - ·- - -- - -· -· - -t · -t - j- t -

_:_::::.,,ion Line n:= :: :- : :~ : = = t f- -- = = = = i. = = = : .: :: :. :· ~: :··: :: • : . := ' 

-t ·< -+-++ - ··-·-·· . ••• • ···+-···-···-· ·-·-····-+·-····--• ···············-········l·-·····--·-······•·······I I
i ,. __ t_;_ 

i i 
·1• : i 

I I 

f······+ i 

. I 
, I i i 
! i i , ___ !, ~ 

!··· 

__ · -•- -• -r ~~:~-r __ T~ :==':tlll 
. . t r -- -r-- + j - - ·-······--······· !'-- T --- - +--+ Li 

t -- - - . _ L -- :_ 
1 

): -~ :: --- ------------- ---- - - -- 1---1- --1--~ :::: ::_;: 
--- -. - -·· --- -·- _L -·· I i • -- ·,- -·, !- . .. ! ... L 

0.1 • 

0.1 1.0 

QI AD0
•
5 

Figure 11 e·. Regression line vs. data, unsubtnerged conditions, culvert model 3, run 33. 
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Figure 11 f. Regression line vs. data, submerged conditions, culvert model 3, run 33. 
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Figure 11 g. Regression line vs. data, unsubmerged conditions, culvert model 3, run 32. 
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Figure 11 h. Regression line vs. data, submerged conditions, culvert model 3, run 32. 
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Figure 11 i. Regression line vs. data, unsubmerged conditions, culvert model 4, run 34. 
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Figure 11j. Regression line vs. data, submerged conditions, culvert model 4, run 34. 
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Figure 11 k. Regression line vs. ·data, unsubmerged conditions, culvert model 5, run 43. 
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• Figure 111. Regression line vs. ·data, submerged conditions, culvert model 5, run 43. 
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Figure 11 m. Regression line vs. data, unsubmerged conditions, culvert model 5, run 12. 
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Figure 11 n. Regression line vs. date submerged conditions, culvert model 5, run 12.• 
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Figure 11 o. Regression line vs. data, lJnsubmerged conditions, culvert model 6, run 42. 
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Figure 11 p. Regression line vs. data. submerged conditions, culvert model 6, run 42. 



C -3: 
:t: 

', 

10.0 I i 1 ! ! ! ! ! I ! 1 i I i ! I 
, .. _ ·- - :=: ::=~- ····- -·- ••• -; - -·· ·-1 _._:] :::r =::[] ._(_ . ___ :::::: :~~~:=:= :=1:::: := ::::~ :::::1=: ---::_]::: =:= I.=:;-- ! LL : 

--- ··--···1--·- ............ ;,._-· .. ···---····-~·- ........ _ .... i.- ··-····~·······-···l---·-···~·•·····--

·-t··--···-····-----···- - ··-·- ··-·-··-- ---- : __ • i I - i,:··-·· -·-r·-· t--t-
l I l I ·-1-- ·--····-·-····--- ··-·- ···-····--+-----'-----i---• ·····-- ··,- ····--··,··-- ···,-·····-,-····-· 

- - - Culvert 1 - Run 39, Model of HDS-5 Chart 8 / Scale 3 

---HDS-5, Chart 8 / Scale 3 (Form 1) 
~----~------,------,---,-----,---,.---,---,,·- 1··-···--····---····-·-····- - ····-····- · '-- ··-··- ··•-i-••··-+--•--i--+-

: : : 
•• .. •••••--•••• • • •••• •••• -•••• .. •• --•-• •n - ••-••••-- ---- --- + -·- ·· --- ·t-·· --- ·-··_j -- ·-+ I i -+·-I -·-- ·--·· +------- ······--····--·+·-···· -····- ···11': +·-

! 

.. : -····--·-· ...... ; ... ·-·-······-+·····-···-- ···--······-····-·········--·····--····--····-·1··-····-····--····---···.· ···-

+··· ········•········· .•.... ·····•··· 

··t··· 

······+···•··• ·-··- ···•··-- ····+·····-····t .. ,- .1---··"•·• ... ---············· .. -· .. - ··· -··- ·••---!-- - .. --, .......... . 

i i 
l : 

---------· ··-· .. ·---! ..... ..... ! ......... . i i • 

i ! 
I I 

! I , , 
··-··• •i ••·•· ·••·· ..•• ••••• 1· ··· t· 

i 
i 

0.1 ~---__,i._ __ :____,L_...:.._....L__.....;__..J.__J,-+---------L--__:__-...:..___:__..:..___.:,_-.l...._:__.i 

0.1 1.0 

Q/ ADo.5 

10.0 

Figure 12a. Benchm~rk test, unsubmerged conditions 
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Figure 12b. Benchmark test, submerged conditions 
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Figure 13a. Effect of wingwall miter, unsubmerged conditions. 
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Figure 13b. Effect of wihgwall miter, :submerged conditions. 
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Figure 14a: Effect of constant bevel, unsubmerged conditions. 
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Figure 14b. Effect of constant bevel, submerged conditions. 



10
•
0 

I .. ···-·· ·----·--·••l••· ·· ··· ..••• !-· -··- ---~·-··--'- -l•-· ··-l·-- '-·- ~··- L -·--·-·- ----·--!·-·-···-·- 1 !-- ··-·! 1 • I. ....... .. ! ..... , .... I 
-·- --·· -·- --- -·- -·· I.. - -·- ~. -- --~-----l-··· 1 !-•·l-·-----·~····- ·-•-·l-.. - ... 1 '. l·-· ·-+·-·····l·-+-···· 

.... -4-... , ______ -4-..... - .... -~- ··--+-·· ·-+-···-+····· 

---Culvert 5 - Run 12, Model of South Dakota 6' x 6', SL= 0.0175 

--Culvert 5 - Run 43, Model of South Dakota 6' x 6', SL= 0.03 

- - - Culvert 3 - Run 32, Model of South Dakota Flared, SL= 0.0175 

-·- -- ·r-·- : 1 , i·· ·-··- •• ' • ~ . r : +--LIT 

H
-· I Iii 

--+------ . 
1
· - J_ r: : t ~ ! : ·-·-r··•·-·- •• .J I 

t ! ! i . -·······-:·· ·· 

• • • • • • Culvert 3 - Run 33, Model of South Dakota Flared, SL= 0.03 ·+ ····+- +· + I . . 
• I 

! 

0 -;: 
J: I i ! I I I --- i ••• 

1 
! ! I .,,;, t ' -+·-- - J✓ )-f·· , ···---- 1--- ···········1••·····-·-····r····--···11;-··r-····· 

.,, i i I ,_____ i I I I i i 
....•... - ............. 1· ····--· . ... ·J:; 7 '.'.'. ••• j···· .. ---+·- ····-·r· ··--1·········r·r-- ···--•--· ···- ··- -- ·-•···· -··;-- ·--· -··· r············ ,-- --·r······, ············,···-

i 

0.1 --------------------------------------------------__....-------------------__....--~-
0.1 1.0 10.0 

QI AD0
•
5 
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Figure 16a. Effect of configuration, uhsubmerged conditions. 

10.0 



C -~ 
J: 

3.5 ...------,-------,------,--------,-------..-----------------, 

- • • - Culvert 1 - Run 39, 2:1 Wingwall Miter 

- - - Culvert 2 - Run 40, 3:1 Wingwall Miter 

• • • • • • Culvert 3 - Run 33, Model of South Dakota Flared 
3.o +· -- j --Culvert 4 - Run 34, Model of South Dakota 6' x 6' wlo Parapet 

---Culvert 5 - Run 43, Model of South Dakota 6' x 81 

2.5 -+- - •• 

I 
! 

i 

. . . . . . . • ------ ······--·---~-t-······- --··· 

.• ·1 I 

2.0 -+- - ···- ...••...... L .. 
I ' • 

-·----.l-.-~--~-----·--····--..... ·--·-····- -·-t-····-----

1.5 + ·· 
I 

·· ·······-···~ . ; 
~-✓; 

-~ 
/ -~ 

1.0 _,.._....__....__....__....__...__...__...__........,__..____.____. ___________ __._. _________________________________ ......._.....__ ................ _._~ 

0 10 20 30 40 50 60 70 80 

( Q / ADo.5 )2 

Figure 16b. Effect of configurations, submerged data. 
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R,ading 

Nwnl>or 

Dau,: 1/7/96 
Run#: 39 
0.. Colled,d By: ERU 
Inlet Dacription: Square Edgo • 2/1 

Bani Slope: 3.0 percent 
Baml l)po: Square Baml 
81ml l.englh: 20 fo,t 

81ml Croll Sectlonal Ana: 0.3164 ft1 

CUivert HcigN: 
CUivert Widlh: 

6.7.lmd>. 
6.7.lmd>. 

Uasubmersed lolet Coalrol Detlc• Coutaoll 

Fonn(I) 
K- 0.0090 
M- 1.5432 

Fonn(2) 
K• 0.4767 
M• 0.7252 

Submersed lalet Coatrol Detlc• Coutaoll 

< • 0.0435 
Y • 0.6152 

~ 

II.• Hadwller dcplh above int.t «o1lrol - invwt, ft 
D • l.nleriot bei&lll of <Ulvort bornl, ft 

H. • spoa& hood• cuical depth (d. + v,''4). ft 
Q•Dio<harp.ll'i. 

A• Full <n>11 Ndional - of <Ulvort bornl, ft1 

S • CUivert bcrd ,lope. ft/I\ 
K.M.<,Y - Conlunll 

"- D Q A 8 
(ll) (ll) (ft'I■) (ft') (ft/ti) 

0.0000 0.5625 0.0000 0.31640 0.0300 
0.1926 0.5625 0.1519 0.31640 0.0300 
0.4026 0.5625 0.4061 0.31640 0.0300 
0.5337 0.5625 0.6109 0.31640 0.0300 
0.6426 0.5625 0.8052 0.31640 0.0300 

0.7396 0.5625 0.9323 0.31640 0.0300 
0.8870 0.5625 1.1089 0.31640 0.0300 
1.0334 0.5625 1.2501 0.31640 0.0300 
1.2064 0.5625 1.3949 0.31640 0.0300 

II. 
(ft) 

0.0000 
0.1969 
0.3795 
0.4982 
0.5989 

Ql(AD'-') 

0.0000 
0.6399 
1.7114 
2.5746 
3.3nl 

3.9211 
4.6729 
5.2612 
5.1783 

lluluhmargod SUllmorg■d 

Fomilll•a Fonn2Du 
y X y X y X 

II.ID II.ID H.,11).IIJl).O. 78 lll(IVD-H,ID-0, 7S) 111,(Ql(AD'-')) la(H.ID) lll(Ql(AD'-' )) H./D-0.7S (Ql(AD'-' »' 

0.0000 0.0000 -0.02100 
0.3424 0.3501 -0.02875 #NUMI -0.44641 -1.0718.l -0.44641 
0.7157 0.6746 0.02007 -3.90832 0.53732 -0.33455 0.53732 
0.9488 0.8857 0.04215 -3.16644 0.94561 -0.05254 0.94568 
1.1425 1.0646 0.05684 -2.86753 1.22174 0.13319 1.22174 

1.3141 1.29311 15.43562 
1.5761 1.55584 21.13612 
1.8371 1.81612 27.75312 
2.1446 2.12365 34.55496 



Reading 

Nwnber 

0 
l 
2 
3 
4 

5 
6 
1 
8 
9 
10 
II 
12 

Date: 2/9/96 
Run#: 40 
Data Collected By: ERU 
Wet Description: Square Edge - 3/1 

Burel Slope: 
Barrel Type: 
Barrel Length: 

3.0 percent 
Square Barrel 
20 feet 

Barrel Cross Sectional Arca: 0.3164 ft2 
Culvert Height: 6. 75 inches 
Culvert Width: 6. 75 inches 

Unsubmerged Inlet Control Design Constants 

Form (2) 
K= 0.4850 
M= 0.6699 

Submerged Inlet Control Design Constanta 

c = 0.0407 
Y = 0.6311 

~"!!!1101!5: 

H.. = Headwater depth above inlet control acction invert, ft 
D = httcrior height of culvert barrel, ft 

H. = Specific head at critical depth (d. + V ,1/2g), ft 

Q = Discharge, tt311 

A = Full ~rou sectional area of culvert barre~ ft2 
S = Culvert barrel l!opc, ft/ft 
K,M,c,Y = Conalanta 

H. D Q A s 
(ft) (ft) (ft'/1) cft2 > (ft/ft) 

0.0000 0.5625 0.0000 0.3164 0.0300 
0.1850 0.5625 0.1342 0.3164 0.0300 
0.3714 0.5625 0.3673 0.3164 0.0300 
0.4894 0.5625 0.5686 0.3164 0.0300 
0.6024 0.5625 0.7840 0.3164 0.0300 

0.7530 0.5625 0.9747 0.3164 0.0300 
0.8842 0.5625 1.1301 0.3164 0.0300 
1.0431 0.5625 1.2855 0.3164 0.0300 
l.1677 0.5625 1.4055 0.3164 0.0300 
l.1975 0.5625 1.7022 0.3164 0.0300 
1.2574 0.5625 1.9529 0.3164 0.0300 
1.5653 0.5625 2.1542 0.3164 0.0300 
1.8811 0.5625 2.3626 0.3164 0.0300 

Q/(Abu) H./D 

0.00000 0.00000 
0.56551 0.32881 
U4772 0.66025 
239598 0.87008 
3.30378 l.07087 

4.10740 1.33873 
4.16220 1.57189 
5.41701 l.85448 
5.92299 2.07597 
7.17307 2.12890 
8.22969 2.23535 
9.01195 2.78274 
9.95598 3.34412 

Unaubmcrgcd 
Form2Data 

y X 

h1(H.,./D) ln(Q/(ADu)) 

-1 .11227 
-0.41514 
-0.13917 
0.06847 

-0.57002 
0.43678 
0.87379 
1.19507 

Submerged 

y X 

H.,./D-0. 7S (Q/(AD•.s ))' 

l.31773 16.87075 
1.55089 22.67859 
1.83348 29.34398 
2.05497 35.08184 
2.10790 51.45295 
2.21435 67.72772 
2.76174 82.40923 
3.32312 99.12162 



Reading 

Number 

0 
I 
2 
3 
4 
5 
6 
7 
8 

9 
10 
II 
12 
13 
14 
IS 

Date: 1/29/96 
Rw,#: 33 
Data Collected By: ERU 
Inlet Description: South Dalcota Flared 

Barrel Slope: 3.0 percent 
Barrel Type: 
Barrel Length: 

Square Barrel with Haw!ches 
20 feet 

Barrel Cross Sectional Area: 0.36306 ft3 

Culvert Height: 7.25 inches 
Culvert Width: 7.25 inches 

U111ub•erged Inlet Control Design Constants 

Form (2) 
K• 0.3896 
M• 0.7940 

Submerged Inlet Control Desian Constants 

c- 0.0331 
Y• 0.6337 

l!tOnltlons: 

H.. • Headwater depth above inlet control section invert, ft 
D • Interior height of culvert barrel, ft 

H, • Specific head at critical depth (d, + V/12&), ft 

Q • Discharge, ft' /s 

A• Full cross sectional area of culvert barrel, ft2 

S • Culvert barrel slope, ft/ft 
K,M,c, Y - Constants 

H,, I) Q A s 
(ft) (ft) (ft'/s) (1\3) (ft/ft) 

0.0000 0.6042 0.0000 0.36306 0.0300 
0.0634 0.6042 0.0706 0.36306 0.0300 
0.1695 0.6042 0.1907 0.36306 0.0300 
0.2456 0.6042 0.2966 0.36306 0.0300 
0.3236 0.6042 0.4132 0.36306 0.0300 
0.3791 0.6042 0.5050 0.36306 0.0300 
0.4639 0.6042 0.6604 0.36306 0.0300 
0.5543 0.6042 0.8334 0.36306 0.0300 
0.6338 0.6042 1.0029 0.36306 0.0300 

0.7673 0.6042 1.2148 0.36306 0.0300 
0.8901 0.6042 1.4055 0.36306 0.0300 
1.0098 0.6042 1.5644 0.36306 0.0300 
1.1786 0.6042 1.7587 0.36306 0.0300 
1.3406 0.6042 1.9423 0.36306 0.0300 
1.4948 0.6042 2.0906 0.36306 0.0300 
1.7198 0.6042 2.3449 0.36306 0.0300 

QI(~) H,,/D 

0.00000 0.00000 
0.25028 0.10494 
0.67576 0.28061 
1.05118 0.40646 
1.46415 0.53557 
1.78951 0.62748 
2.34013 0.76785 
2.95132 0.91746 
3.55.COO 1.04901 

4.30484 1.27002 
4.98061 1.47326 
5.54174 1.67133 
6.23201 1.95086 
6.88275 2.21884 
7.40834 2.47407 
8.30935 2.84659 

tJnsubmcrged 
Form 2 Data 

y X 

ln(H,,/D) ln(Q/(ADu)) 

-2.25435 -1.38517 
-1.27078 -0.39192 
-0.90026 0.04992 
-0.62443 0.38127 
-0.46605 0.58194 
-0.26416 0.85021 
-0.08615 1.08293 
0.04785 1.26807 

Submerged 

y 

H,,/D-0.7S 

1.24902 
1.45226 
1.65033 
1.92986 
2.19784 
2.45307 
2.82559 

X 

(Q/(AD._.)), 

18.53169 
24.80643 
30.73304 
38.83799 
47.37219 
54.88346 
69.04532 



Date: 1/25/96 
Run#: 32 
Data Collected By: ERU 
Inlet Description: South Dakota Flared 

Barrel Slope: 1.75 percent 
Barrel Type: Square Barrel with Haunches 
Barrel Length: 20 feet 
Barrel Cross Sectional Area: 0.36306 ft' 
Culvert Height: 7.25 inches 
Culvert Width: 7.25 inches 

Unsubmerged lnlet Control Dnian tonltants 

Form (2) 
K• 0.4299 
M· 0.7332 

Submerged Inlet Control Dnlgh Constants 

c• 0.0312 
Y• 0.7288 

l!dlnl!.l2U!i 

H.. • Headwater depth above inlet control section invert, ft 
D • Interior height of culvert barrel, ft 

H. • Specific head at critical depth (d, + Y,212g). ft 

Q- DischaJae, ft'i• 
A - Full ctoss sectional area of culvert barre~ ft2 

S • Culvert barrel slope, ft/ft 
K.M,c, Y • Constant., 

Readiris H. D Q A s 
Number (ft) (ft) (ft'is) (fl') (ft/ft) 

0 0.0000 0.6042 0.0000 0.36306 0.0175 
I 0.1046 0.6042 0.0812 0.36306 0.0175 
2 0.2331 0.6042 0.2472 0.36306 0.0175 
3 0.3442 0.6042 0.4097 0.36306 0.0175 
4 0.3716 0.6042 0.6392 0.36306 0.0175 
5 0.5714 0.6042 0.8264 0.36306 0.0175 
6 0.6439 0.6042 0.9747 0.36306 0.0175 

1 0.7585 0.6042 1.0983 0.36306 0.0115 
8 0.8825 0.6042 1.3737 0.36306 0.0175 
9 0.9926 0.6042 15538 0.36306 0.0175 
10 1.1391 0.6042 1.7304 0.36306 0.0175 
11 1.3255 0.6042 18999 0.36306 0.0175 
12 1.4523 0.6042 2.0588 0.36306 0.0175 
13 1.2624 0.6042 2.2142 0.36306 0.0175 
14 1.3570 0.6042 2.3661 0.36306 0.0175 
15 l.5217 0.6042 2.5886 0.36306 0.0175 

Q/(AD,..) H./D 

0.00000 0.00000 
0.28782 0.17309 
0.87599 0.38583 
1.45163 0.56964 
2.26505 0.61512 
2.92830 0.94510 
3.45389 1.06584 

3.89188 1.25550 
4.86798 1.46063 
5.50620 1.64295 
6.13190 1.88542 
6.73258 2.19386 
7.29571 2.40388 
7.84633 2.08946 
8.38444 2.24613 
9.17282 2.51873 

UnsubmClged 
Fonn 20.ta 

y X 

ln(H./D) ln(Q/(ADu)) 

-1.75393 
-0.95237 
-0.56274 
-0.48593 
-0.05583 
0.06377 

-1.24541 
-0.13241 
0.37269 
0.81760 
1.07442 
1.23950 

Submerged 

y X 

H,./D~.7S (Q/(AD,..))' 

1.24325 15.14673 
1.44838 23 .69721 
1.63070 30.31820 
1.87317 37.60021 
2.18161 45.32759 
2.39163 53.22739 
2.07721 61.56490 
2.23388 70.29876 
2.50648 84.14068 



Readina 

Nwnber 

0 
I 
2 
3 
4 
5 
6 

8 
9 
10 
11 
12 
13 
14 
15 

Dato: I /30/96 
Rwi#: 34 
Data Collected By: ERU 
Inlet Doacnption: South Dakota 

Barrel Slope: 3.0percent 
Barrel Type: 
Barrel Length: 

Square Barrel with Haunches 
20 feet 

Barrel Cross Sectiooal Area: 0.29883 ft' 
Culvert Height 6.75 inches 
Culvert Width: 6.75 inches 

Uu•b••rced hlot Co■trol Dnlp Coutaata 

Fonn(2) 
K• 0.4792 
M• 0.6753 

Submerged hlot Co■trol De1lg■ Coutanta 

c• 0.0432 
Y• 0.5671 

Doflnltloaa: 

H. '.' Headwater depth above inlet control section invert, ft 
D • Interior height of culvert barre~ ft 

H, • Specific head at critical depth ( d, + V ,' 12g). ft 

Q • Disciwge, ft' /1 
A • Full cross sectional aroa of culvert barrel, ft' 
S • Culvert barrel slope, ft/ft 
K,M,c, Y • Constant> 

u.. D Q A s 
(ft) (ft) (ft1/1) (ft') (ft/ft) 

0.0000 0.5625 0.0000 0.29883 0.0300 
0.0946 0.5625 0.()600 0.29883 0.0300 
0.2485 0.5625 0.1978 0.29883 0.0300 
0.3616 0.5625 0.3496 0.29883 0.0300 
0.4290 0.5625 0.4450 0.29883 0.0300 
0.4999 0.5625 0.5615 0.29883 0.0300 
0.5854 0.5625 0.7028 0.29883 0.0300 

0.6506 0.5625 0.8264 0.29883 0.0300 

0.7397 0.5625 0.9182 0.29883 0.0300 
0.8134 0.5625 0.9994 0.29883 0.0300 
0.9383 0.5625 1.1442 0.29883 0.0300 
1.1052 0.5625 1.2678 0.29883 0.0300 
1.2664 0.5625 1.3879 0.29883 0.0300 
1.5355 0.5625 1.5786 0.29883 0.0300 
1.7773 0.5625 1.7657 0.29883 0.0300 
2.0033 0.5625 1.9317 0.29883 0.0300 

Unsubmerged 
Form 2 Data 

y X 

Ql(AD ... ) II.ID 1■(11./D) ID(Ql(AD'.t)) 

0.00000 0.00000 
0.26787 0.16812 -1.78305 -1.31726 
0.88239 0.44182 -0.81685 -0.12513 
1.55993 0.64290 -0.44177 0.44464 
1.98537 0.76261 -0.27100 0.68580 
2.50534 0.88874 -0.11795 0.91843 
3.13562 1.04068 0.03988 1.14283 

3.68711 1.15661 

~.09679 1.31511 
4.45920 1.44605 
5.10523 1.66812 
5.65672 1.96471 
6.19246 2.25139 
7,04333 2.72980 
7.87844 3.15967 
8.61902 3.56139 

Submerged 

y 

H,,/D-0.7S 

1.29411 
1.42505 
1.64712 
1.94371 
2.23039 
2.70880 
3.13867 
3.54039 

X 

(Q/(ADu)), 

16.78369 
19.88445 
26.06338 
31.99850 
38.34651 
49.60846 
62.06986 
74.28744 



Reading 
Number 

0 
I 
l 
3 
4 
5 

6 
1 
8 
9 
10 
II 
12 
13 
14 
15 

Date: 2/14/96 
Run#: 43 
Data Collected By: ERU 
Inlet Description: South Dakota with Parapet 

Barrel Slope: 3.00-/4 
Barrel Type: 
Barrel Length: 

Square Barrel with Halmches 
20 feet 

Barrel Cross Sectional Arca: 0.29883 ft' 
Culvert Height: 6. 75 inches 
Culvert Width: 6. 75 inches 

Unsubaerged Inlet Control Design Constants 

Form (2) 
K• 0.4026 
M• 0.7875 

Submerged Inlet Control Design Constanll 

c- 0.0384 
Y• 0.5853 

Definitions: 

H. • Headwater depth above inlet control section invert, ft 
D - Interior height of culvert barrel ft 

H. • Specific head at critical depth (d. + V,'12g), ft 

Q - Discharge, n1 /s 
A - Full cross sectional area of culvert barrel, ft' 
S - Culvert barrel slope, ft/ft 
K,M,c, Y • Constant., 

H. D Q A s 
(fl) (fl) (fl'/s) (f\1) (ft/fl) 

0.0000 0.5625 0.0000 0.29883 0.0300 
0.1402 0.5625 0.1236 0.29883 0.0300 
0.3276 0.5625 0.3496 0.29883 0.0300 
0.4124 0.5625 0.4732 0.29883 0.0300 
0.5002 0.5625 0.6180 0.29883 0.0300 
0.6246 0.5625 0.8264 0.29883 0.0300 

0.7477 0.5625 0.9853 0.29883 0.0300 
0.8871 0.5625 1.1230 0.29883 0.0300 
1.0723 0.5625 l.2961 0.29883 0.0300 
1.2478 0.5625 1.4479 0.29883 0.0300 
1.4225 0.5625 1.5892 0.29883 0.0300 
1.5879 0.5625 1.7057 0.29883 0.0300 
1.7776 0.5625 1.8540 0.29883 0.0300 
1.4935 0.5625 2.0023 0.29883 0.0300 
1.8697 0.5625 2.2743 0.29883 0.0300 
2.1458 0.5625 2.5250 0.29883 0.0300 

Unsubrncrgcd Submerged 
Form 2 Data 

y X y X 

Qi(AD"') H,./D ln(H./D) ln(Q/(ADu)) H,./D-0.7S (Q/(AD•.s»• 

0.00000 0.00000 
o.,5149 0.24920 -1.38951 -0.59513 
1.,5993 0.58239 -0.54062 0.44464 
2.11142 0.73316 -0.31039 0.74736 
2.15745 0.88918 -0. 11746 1.01431 
3.68711 1.11038 0.10470 1.30484 

4.39617 l.32925 1.30825 19.32632 
5.01069 1.57699 l.55599 25.10701 
5.18218 1.90639 1.88539 33.44051 
6.46032 2.21829 2.19729 41.73577 
7.09060 2.52887 2.50787 50.27658 
7.61058 2.82298 2.80198 57.92086 
8.27236 3.16025 3.13925 68.43202 
8.93415 2.65515 2.63415 79.81911 
10.14743 3.32386 3.30286 102.97042 
11.26617 3.81481 3.79381 126.92665 



Date: 10/31/95 
Run#: 12 
Data Collected By: ELW 
Inlet Description: South Dakota with Parapet 

Barrel Slope: 1.75 percent 
Barrel Type: Square Barrel with Haunches 
Barrel Length: 20 feet 

Barrel Crou Sectional Area: 0.29883 tt' 
Culvert Height 6.75 inchca 
Culvert Width: 6.75 inchca 

U■,umorce<I l■loCC--..DeslpC-• 

Fonn(2) 
K• 0.4889 
M• 0.6815 

S,aft_,-ce4 laid c..cn,i Deslp c.-11 

c• 0.0343 
Y• 0.7571 

~ 

II. • Headwater depth above inlet control section invert, ft 
D - Interior height of culvert barre~ ft 

11. • Specific head at critical depth (d. + V/12g), ft 

Q • Discharge, ft 3/s 

A • Full crosa sectional area of culvert ~ tt' 
S • Culvert btui:el slope, ft/ft 
K.M,c, Y • Constants 

Reading H. D Q A s 
Nwnbcr (ft) (ft) (ft'/1) (tt') (ft/ft) 

0 0.0000 0.5625 0.0000 0.29883 0.0175 
0.1425 0.5625 0.0742 0.29883 0.0175 

2 0.2612 0.5625 0.2048 0.29883 0.0175 
3 0.3309 0.5625 0.2966 0.29883 0.0175 
4 0.4226 0.5625 0.4308 0.29883 0.0175 

' 0.5183 0.5625 0.5650 0.29883 0.0175 
6 0.6083 0.5625 0.7098 0.29883 0.0175 

7 0.6931 0.5625 0.8440 0.29883 0.0175 

8 0.8114 0.5625 0.9994 0.29883 0.0175 
9 0.9084 0.5625 1.1124 0.29883 0.0175 
10 1.0030 0.5625 1.2184 0.29883 0.0175 
II 1.1293 0.5625 1.3349 0.29883 0.0175 
12 1.2069 0.5625 1.4302 0.29883 0.0175 
13 1.1922 0.5625 1.5574 0.29883 0.0175 
14 1.3515 0.5625 1.6916 0.29883 0.0175 
15 1.5070 0.5625 1.8011 0.29883 0.0175 
16 1.7571 0.5625 1.9988 0.29883 0.0175 
17 2.0450 0.5625 2.2072 0.29883 0.01 75 
18 2.2083 0.5625 2.4579 0.29883 0.0175 

Ql(AD'J) H,,/D 

0.00000 0.00000 
0.33089 0.25328 
0.91390 0.46442 
1.32358 0.58822 
1.92234 0.75124 
2.'2110 0.92141 
3.16713 1.081'I 

3.'71i590 1.23214 

4.4S920 1.44240 
4.96342 1.61490 
H3613 1.78303 
5.95610 2.00773 
6.38154 2.14567 
6.94879 2.11942 
H4755 2.40260 
8.D3601 2.67906 
8.91840 3.12365 
9.&4805 3.63561 
10.96679 3.92593 

UnsubmaJ!cd 
Fonn2 Data 

y X 

l■(lf,,/D) l■(Q((AD'-')) 

-1.37326 -1.10596 
-0.76696 -0.09003 
-0.53066 0.28034 
-0.28603 0.65354 
-0.08185 0.92470 
0.07836 1.15283 

Submerged 

y X 

H,,/D-0.7S (Q((AD°'))' 

1.43015 19.88445 
1.60265 24.63553 
1.77078 29.55146 
1.99548 35.47516 
2.13342 40.72403 
2.10717 48.28563 
2.39035 56.96548 
2.66681 64.57748 
3.11140 79.53780 
3.62336 96.98415 
3.91368 120.27053 



Date: 2/12195 
Run#: 42 
Data Collected By: ERU 
Inlet Description: South Dakota. 9.o· 

Barrel Slope: 3.0 percent 
Barrel Type: Square Barrel with Hawichca 
Barrel Length: 20 feet 

Barrel Cross Sectional Area: 0.55469 fl' 
Cul¥Crt Height: 9.0inchea 
Culvert Width: 9.0 inches 

u ••• 11.,rp,1 l■let CNlrol Oetlp Coiuta■u 

Fonn (2) 
K • 0.4368 
M • 0.7384 

Submersed Inlet Co■trel Dnlg■ Conll■■u 

c • 0.0506 
Y • 0.5343 

Q!Hnl!l2n1: 

H. • Headwater depth aboYe inlet control IOC!ion invm, fl 
D • Interior height of cul¥Crt barrel fl 

H, • Specific head at critical depth (d, + V//1.g). ft 

Q • Discharge, ft' / 1 

A • Full cross soctional area of culvert barrel fl' 
S • Cul¥Crt barrel llope, fl/fl 
K,M,c, Y • Con■tanll 

Reading "· D Q A s 
Number (ft) (ft) (fl'is) (fl') (fl/ft) 

0 0.0000 0.7500 0.0000 0.55469 0.0300 
I 0.1446 0.7500 0. 1836 0.55469 0.0300 
2 0.2743 0.7500 0.3814 0.55469 0.0300 

0.3620 0.7500 0.5474 0.55469 0.0300 
0.4624 0.7500 0.7628 0.55469 0.0300 
0.5444 0.7500 0.9500 0.55469 0.0300 

6 0.6022 0.7500 1.0842 0.55469 0.0300 
1 0.6706 0.7500 1.2643 0.55469 0.0300 
8 0.7196 0.7500 1.4126 0.55469 0.0300 
9 0.7817 0.7500 1.5680 0.55469 0.0300 
10 0.8761 0.7500 1.7234 0.55469 0.0300 

11 0.9674 0.7500 1.8681 0.55469 0.0300 
12 1.0815 0.7500 2.0165 0.55469 0.0300 
13 1.1713 0.7500 2.1330 0.55469 0.0300 
14 1.2787 0.7500 2.2990 0.55469 0.0300 
15 1.4002 0.7500 2.4438 0.55469 0.0300 
16 1.5758 0.7500 2.6451 0.55469 0.0300 
17 1.7774 0.7500 2.8817 0.55469 0.0300 
18 2.0542 0.7500 3.2348 0.55469 0.0300 

Unsubmergod 
Fonn 2 Data 

y X 

Q/(MJ'-5) ff.ID ln(H.ID) lll(Qi(MJ'-5 )) 

0.00000 0.00000 
0.38128 0.19280 -1.64608 -0.96161 
0.79396 0.36570 -1.00593 -0.23072 
1.13948 0.48261 -0.72854 0.13057 
1.58792 0.61658 -0.48357 0.46242 
1.911,5 0.72583 -0.32044 0.68186 
2.25690 0.80293 -0.21949 0.81399 
2.63113 0.89414 -0.11189 0.96168 
2.940'9 0.95943 -0.04142 1.07861 
3.2~ 1.04232 0.04145 1.18297 
3.587,2 1.16809 0.15537 1.27746 

3.88893 1.28981 
4.19770 1.44204 
4.44029 1.56168 
4.78581 1.70494 
5.08723 1.861591 
5.50626 2.10105 
5.99881 2.36986 
6.73396 2.73895 

Submerged 

y 

H.,IIM.7S 

1.26881 
1.42104 
1.54068 
1.68394 
1.84591 
2.08005 
2.34886 
2.71795 

X 

(Ql(Afi"' »' 

15.12380 
17.62065 
19.71622 
22.90402 
25.87986 
30.31889 
35.98571 
45.34618 
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