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Figure 7.17 Longitudinal bed profiles in the central box: a) measurements at 6-hour, and 
b) measurements at 12-hour 
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CHAPTER 8 CONCLUSION AND RECOMMENDATION 

8.1 Conclusions 

The present study set out to determine as its first primary objective, how sediment 

accumulates at multi-barrel culverts. Its second primary objective was to indentify design 

adjustments that would substantially reduce sediment accumulation at such culverts.  The 

problem of sediment accumulation leading to culvert blockage plagues numerous 

culverts, especially those in rural Iowa. 

The main contributions of the present research entails advancements in a) 

technological means to comprehensively investigate flow at culverts in field and 

laboratory conditions, and b) understanding and prioritization of the flow and sediment 

transport complexities at culverts. The first category includes the development of 

DigiMap (tool to document hydrodynamic and morphological characteristics in the 

vicinity of culvert sites), design of a reliable measurement protocol for capturing the 

dynamics of the streambed evolution in time and space, and evaluation of the capabilities 

of various numerical models to describe individual processes interacting in the flow 

through culverts.  The complementary use of these tools enabled to design the 

experimental investigation commensurate with the time and resources available for the 

research.   

The second category of contributions includes new insights in the dynamics of the 

flood wave propagation acquired with a coupled experimental-numerical investigative 

approach.  It was shown that the loop curve characteristics are dependent on the nature of 

the input hydrograph, characteristics of the channel and the control imposed by structures 

in the channel.  Monitoring of Iowa streams led to the conclusion that the main source of 

sediment is bank erosion that consequently is deposited at culverts through suspended 

load transport.  Finally, the main practical outcome of the study is that it identified 

weaknesses of the current methodology to design multi-barrel culverts. 
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The field, laboratory, and numerical experiments performed as part of the present 

study have illustrated the complexity of the flow and sediment transport processes at 

multi-barrel culverts. The flow complexity is partially due to change of channel geometry 

in the vicinity of the culvert. An expansion region upstream of the culvert followed by a 

contraction region downstream of the culvert are used to transition the typical (e.g., 

trapezoidal) channel cross section to that of a multi-box culvert (where the cross section 

is larger). The presence of this transition at culverts creates a non-uniform, three-

dimensional flow that further leads to the creation of the sediment deposits in the vicinity 

of culverts. In addition to the flow field complexities associated with culvert site 

geometry, other complexities make analysis of culvert performance difficult: 

1. Flow unsteadiness caused by the flood wave propagation in the channel is another 

factor responsible for the increase of the flow complexity at culvert sites draining 

water produced by runoff flow hydrographs. In the present study flow 

unsteadiness effects were studied using numerical modeling, because hydraulic 

model studies cannot easily replicate the unsteadiness of the flow and sediment 

transport during a large time period, needed to accurately account for the 

propagation of a flood wave in a channel.  

2. A significant difficulty faced is the lack of accurate field measurements of flow 

fields and sediment transport patterns during unsteady flows events due to the 

high temporal resolution requirements for the instrument and data acquisition 

system.  

3. Sediment and flow hydrographs in rivers usually are not in phase: the peak in the 

sediment hydrograph arrives before or after the peak in the discharge hydrograph.   

Given that the available literature contains neither a systematic study of sediment 

transport through multi-box culverts, nor on how sediment deposition adversely affects 

the flow through culverts this study attempted to separately investigate the effect of each 
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of the above complexities in order to provide practical information to design sediment-

free culverts using a self-cleaning approach. 

Numerical simulations conducted using HEC-RAS were first used to elucidate the 

unsteady flow in channels of constant cross section containing a culvert structure. For a 

given flood-wave propagation event, the channel bed slope was found to be the major 

factor controlling the flow unsteadiness in the channel. The numerical simulations were 

also used to illustrate the effect of other parameters involved in shaping the loop curve: 

shape of the input hydrograph, terms involved in the governing equations. The initial 

numerical simulations also showed that a multi-box culvert placed in the channel reduced 

the flow unsteadiness effects but did not fully eliminate them.  

A pair of focused field observations was integral part of the initial investigations.  

A long-term monitoring program conducted at a three-box culvert located in Iowa 

entailed repeated observations over three years to capture the dynamics of sediment 

deposits formation produced by a series of storms and seasonal changes in the 

morphology of the culvert vicinity. The analyses associated with these observations 

revealed that the formation of the deposits is a dynamic process commensurate with the 

hydrology of the basin.  The sediment deposition patterns and their nature demonstrated 

that the main contribution to the accumulation of sediment at the culvert was the bank 

erosion and the rapid growth of vegetation that stabilizes the deposits between storms and 

seasons. 

Another major field campaign was concentrated on a major storm event, the epic 

flood of 2008 developed in the Iowa River basin.  This campaign was conducted to 

further develop and confirm new measurement protocols and methodologies to be used in 

addressing the problem of sedimentation at culverts. A preliminary calibration 

experiment conducted with Acoustic-Doppler Current Profilers (the typical tool used by 

monitoring agencies to obtain direct discharge measurements) and Large-Scale Particle 

Image Velocimetry –LSPIV (a new approach developed by an IIHR research group) 
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showed differences from the stage-discharge measurements developed by USGS.  More 

specific, the averaged ADCP discharge was 6.3% higher than the value inferred from the 

USGS rating curve, while LSPIV measurements collected simultaneously with ADCP 

were 4.3% lower. The major reasons for this difference were the fact that that the wind 

gust influenced the tracer used by LSPIV.  The remarkable advantage of using LSPIV 

was demonstrated through the measurements conducted during the 2008 Iowa Flood. As 

LSPIV does not require deployment of equipment in the river, a sufficient number of 

direct measurements were acquired to appropriately capture the flood wave propagation. 

The looped hydrograph curve deduced based on the LSPIV direct measurement displayed 

a maximum stage difference of 0.5 m compared to the standard discharge hydrograph 

build with USGS current stream gaging methodologies. 

Laboratory experiments conducted with hydraulic models were conducted with 

the aid of numerical simulations with the three-dimensional flow code FLUENT to 

understand the mechanics of the sedimentation processes developing culverts. The 

experiments entailed use of a three-barrel culvert, a culvert geometry commonly used for 

road crossings of small streams in Iowa. Two scales of hydraulic model were used: 1:20 

and 1:5.  The main finding of the 1: 20 scale hydraulic model was that the customary 

culvert design assumption of flow uniformity in the expansion region leading to the 

culvert is not correct. This assumption is the typical one currently made in standard 

culvert design. For example, the assumption that the discharge through the side barrels is 

equal to the central one is clearly violated.  

Numerical simulations were used to provide detailed information on the flow 

around and within the culvert and on the sedimentation patterns and their location for a 

series of flow conditions. The performance curve of an as built and modified self-

cleaning design were tested and assessed through a series of phased combined laboratory 

and numerical experiments. The use of numerical simulations hastened confirmation of 
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the recommended design for the self-cleaning culvert by providing quick assessments of 

various modeling scenarios, that otherwise would have to be tested in the laboratory.  

The driving criterion for design of the self-cleaning culvert geometry was to make 

modifications in the region situated upstream of the culvert that would restore the shape 

and functionality of the original (undisturbed) stream. For this purpose, the lateral 

expansion areas were filled with sloping volumes of material to reduce the depth (and 

consequently increase locally the flow velocity) and to direct the flow and sediment 

toward the central barrel, where the original stream was located prior to the culvert 

construction. This geometric changes implemented upstream of the culvert were shown to 

diminish the strength of the secondary currents developing at the entrance into the 

expansion and to maintain the flow and sediment flux closer to their original (no culvert 

in the channel) values.  

The combined investigative approaches led to a self-cleaning design configuration 

that was then tested in performance experiments.  Most of these tests were conducted in 

the live bed, 1:5 scale hydraulic model. The results confirmed the reliability and 

mitigation effect of the fillet-based self-cleaning design. The fillet-based self-cleaning 

culvert design can mitigate the sediment deposition in the side barrels and direct sediment 

particles toward the central barrel. The design is simple to implement in any stage of the 

culvert lifetime; i.e., at the time of construction or later on by retrofitting the area in the 

vicinity of the structure at the time of a cleanup. 

 

8.2 Recommendations for future studies 

The extensive investigation conducted for this study lead to several 

recommendations for further research: 
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1. Prioritization and parameterization of the study findings and their incorporation in 

practical design guidelines for multi-barrel culverts. In order to substantiate the 

guidelines. 

2. More field investigation is needed to confirm sedimentation causes at culverts.  

The field studies demonstrated that the driving forces for the initiation of 

sediment deposits at culverts can be widely different (see Appendix B).  

3. Extension of the present investigations to other culvert geometries (one, two, and 

four- box culverts) and for various combination of culvert entrance conditions 

(angle of the approach flow and geometry of the wing walls). 

4. Conduct of numerical simulations that consider depth-averaged, two-dimensional 

St. Venant equation for unsteady and non-uniform flow. 
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APPENDIX A 

SURVEY OF IOWA COUNTY ENGINEERS 

 

 

Table A.1 List of Survey County Engineering 

No County Name e-mail address 

1 Buchanan Brian Keierleber bcengineer@trxinc.com 

2 Buena Vista Jon Ites jites@co.buena-vista.ia.us 

3 Davis David Grove daviseng@netins.net 

4 Emmet Roger R. Patocka emmeteng@ncn.net 

5 Linn Steve Gannon Steve.Gannon@linncounty.org 

6 Marion Roger Schletzbaum rschletzbaum@co.marion.ia.us 

7 Monona David Carney mocoeng@longlines.com 

8 Montgomery Brad Skinner bsmontengr@iowatelecom.net 

9 Osceola Thomas Snyder tsnyder@osceolacoia.org 

10 Page Brad Skinner bspagecoeng@iowatelecom.net 

11 Winneshiek Lee Bjerke lbjerke@co.winneshiek.ia.us 

12 Woodbury Mark Nahra mnahra@sioux-city.org 

13 Lyon Jeff Williams  

14 Cerro Gordo Mary Kelly  

15 Calhoun Ron Haden  

16 District 3 

Maintenance Manager 
Dwight Rorholm  
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QUESTIONAIRE 

1. How many culverts are in your county? How many of them are Multi-box? 

 

 

2. How often do you inspect culverts sites and perform maintenance? 

 
3. Are the large storm events cleaning or aggravating culvert sedimentation? 

 

Comment:  

- Steve (Linn County) provided that only 2008 flood appears to clean out culvert 

sedimentation, but typical high water does not (category into aggravating).  
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- It should be noticed that there are 330 Multi-Box culverts in Woodbury 

County, and Mark said cleaning is true for the most. 

- Ron (Calhoun): Most of smaller culverts are cleaned by large storms.  Larger 

Multi-Box silt in on barrel 

- Rorholm (District 3 Maintenance Manager): There is much soil runoff from 

field in large events 

- HURK underground company said if culverts are only partially silted, a large 

storm seems to clean out sediment unless the ditch has silted as well (category 

into cleaning) 

 

4. Please list in order (up to five) the most often encountered problems/concerns 

related to M-B culverts (e.g. scour, sedimentation, debris accumulation, 

structural, environmental) 

 
5. Can you relate the sedimentation at M-B culvert with the season cycling? 

 

 

Comment: 

- Three engineers pointed out that the sediment is prone to deposit in spring.  

- Two engineers said that the process of sedimentation is too slow to relate with a 
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single season. 

- One engineer supposed that land use is the factor of sedimentation. 

 

6. Are you providing input in the design of the M-B culverts?  If, yes, what input is 

related to sedimentation?  

  

Yes 6 

No 6 

 

Comment: 

None of input is related to sedimentation. The inputs for design are considering 

the range of flows and velocities existing the barrels.   

 

 

7. Give examples of worst sedimentation situations and provide potential causes 

- 11 engineers out of 16 gave examples of sedimentation. 

- Linn, Emmet, and Page Counties pointed out only one barrel can handle the 

flow the rest were filled. 

- Woodbury and Winneshiek counties showed that they have sedimentation 

because of the change of upstream land use.  

Steve (Linn County): 

Triple barrel RCB’s typically have one barrel handle the routine flow and 

two barrels filled. Having sediment fill inside a culvert barrel is much more 

difficult to correct mechanically. They also tend to collect large tree debris. 

Mark (Woodbury County): 

Upstream land use, lack of soil filtration from stormwater has filled barrels 

almost to top of barrel on up to a  6’ high multi barrel.  Lower barrel height 

culverts are more of a problem for sedimentation. 

Jeff (Lyon County): 



178 
 

 

One or two of the holes are partially close. I always thought it had to do 

with the main channel velocity picking one of the holes as it’s favorite 

 

Rorholm (District 3 Maintenance Manager): 

Parallel barrels have a tendency to fill (partially) over time to where there 

is concern the design flow will not blow the partially barrels open. 

 

8. Do you have successful experiences regarding mitigation of sedimentation? 

 

 

Thomas (Plymouth County): Terraces above the culvert 

Jon (Buena Vista County): drop inlets 

 

9. What are the most difficult issues/concerns in cleaning the culvert? 

10 out of 12 answered. 

Access and moving sediment are most difficult 

 

10. Could you provide an average cost of multi-barrel culvert cleaning ($/barrel) 

Only 4 county engineers answered. Average: $2750/barrel 

HURK underground company charge: ($1×width×length×%full)/barrel 

 

 

11. Is the culvert clean-up made by your own crews or you contract out the work? 
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12. Can you exemplify efficient means for culvert cleaning? 

 

 

13. What is in your opinion the most important design objective for a culvert (please 

rank in order, from 1 to 7)? 

 

1. Stable, durable structure 

2. Public/traffic safety 

3. Create a stable stream and condition 

4. Cost-effective maintenance 

5. Control of sediment/scour/erosion 

6. Flood plain management 

7. Environmentally friendly 

 

 

 

14. List issues/problems associated with culverts that you consider that need further 

attention/research 

10 out of 16 answered. 

Here we list issues/problems which they consider need attention/research : 1) 

sedimentation in barrel, 2) scour protection, 3) culvert structure design (width, 

numbers), 4) debris, 5) flood design. 

 

Comment: 

Steve (Linn County): 
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RCB culverts have much of the cost associated with inlet and outlet 

structures on most secondary roads. Providing more cost effective inlet and outlet 

would make the RCB more practical. Making these structures more cheaply and 

easily extended would make them more practical as well. Reducing the number of 

barrels to one and providing design software to customize the design would 

provide better outcomes for most counties. Precast/prestressed barrel sections 

bolted together may be able to make a versatile, rapidly placed culvert. 
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APPENDIX B 

FIELD VISIT OF CULVERTS IN IOWA 

Culvert is an ubiquitous structure for passing stream flowing through the highway 

in Iowa’s secondary roads.  There is a wide variety of culvert type and material used for 

building these culverts commensurate with the local hydrological conditions.  Our 

research is focused on Reinforced Concrete Box (RCB) multi-barrel culverts because 

they are prone to buildup sediment deposits throughout the culvert areas. Table B.1 

shows that most of the multi-barrel culverts in Iowa are the box shape, not circular. The 

field visits for documenting the culvert sedimentation were conducted in the Johnson, 

Marion, and Buena Vista counties (see Figure B.1). A short report for each site visit is 

provided below. 

 

 

Figure B.1 Iowa Map indicate the counties we visited 
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1 Johnson County 

Statistics produced by the County engineering office regarding the multi-barrel 

culvert distribution (Table B.1) shows that there are 49 twin-box and 5 triple-box culverts 

in this county.  Figure B.2 presents all triple-box culverts in Johnson County. Ten sites 

out of 54 were selected to visit. Site J1~J5 are three-box culverts, and Site J6~J10 are 

twin-box culverts. Sediment buildup problem is serious through all sites and it decreases 

the discharge capacity of culverts. The last maintenance for all sites is unknown. From 

the images took in 2007, three-box culverts is prone to trap the sediment; twin-box 

culverts have less sedimentation.  

Table B.1. Statistics of culvert in Johnson County (Johnson county Secondary Road 
Department) 

RCB culvert type Number 

Twin 49 

Triple 5 

 

 

Figure B.2 Distribution of Triple-box culverts in Johnson County 
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Site J1: Mill Creek Culvert on Hwy #382 

Site Characteristics: 

- Located on Mill Creek; built in 1962 

- 10x10x53 RCB triple-box culvert 

- Design drainage area is 4480 acres 

- The terrain is plain 

- Entrance and exit of culvert site were clean at the time of the visit, but it appeared 

that the culvert was recently cleaned 

- Wingwall and barrels were highly skewed with respect to the main flow direction 

- The site has experienced a recent flood event according to mud traces visible at the 

site on the flood plain.  

 

 

 
 

Aerial image Culvert site sketch 
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Condition on March15, 2007: 

  

Flow enter culvert with a large angle. 

Expansion area seemed to have 

sedimentation before. 

The barrels are clean. Based on the water 

mark, this site might have flood event. 

  

No sour evidence was found at outlet.  

 
 

Sediment transported from ditch (downstream of culvert) is considerable 

Mud 

Mark 

Highly Erosion  
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Site J2: Mill Creek Culvert on Hwy #382 

Site Characteristics: 

- Located on Mill creek; built in 1962 

- 12x8x45 RCB triple-box culvert 

- Design drainage area is 384 acres 

- The terrain is plain 

- No debris near entrance 

- The entrance angle of the stream and curved flow contributed sedimentation at site 

 

 

 

Aerial image Culvert site sketch 
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Culvert condition on March15, 2007: 

  

Erosion in ditch (upstream) might provide 

sediment in expansion area.  

Stream enters the culvert with a large 

angle. Wingwall and barrels were not 

skewed to align main flow direction. 

  

Debris downstream of the culvert might 

trap sediment in the future 

Sedimentation through the culvert on left 

and central barrels 

Erosion by ditch 

Left and central barrels are blocked 
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Site J3: Jordan Creek Culvert (on Racine Ave) 

Site Characteristics: 

- Located on Jordan Creek; built in 2002 

- 10x8x66 RCB triple-box culvert 

- Design drainage area is 2187 acres 

- The terrain is plain 

- Little debris near the entrance 

- Sedimentation problem is serious 

 

 
 

Aerial image Culvert site sketch 
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Condition on March 16, 2007: 

  

Serious clogging problem on the left and 

central parts. 

The channel was shifted toward right bank 

because of sedimentation. Sedimentation is 

serious in barrels. 

  

The flow downstream is aligned the central line 

of the culvert. The sedimentation on the left 

bank around the ditch 

A small single-circle culvert was built 50ft 

downstream from the triple-box culvert.   

  

Rocks were placed to prevent erosion at ditches 

Rocks prevented bank erosion 

Rocks 

ditch downstream the culvert 
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Site J4:  Deer Creek Culvert (on Hwy #218)  

Site Characteristics: 

- Located on Dear Creek 500m downstream from a 2-box culvert (see aerial photo) 

- RCB triple-box culvert 

- Hilly area 

- Sedimentation is serious 

- No visible contribution from vegetation debris 

 

 

 
 

Aerial image Culvert site sketch 
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Condition on April 16, 2007: 

  

The stream is “quasi”well aligned with the culvert. 

Steep slopes from all the culvert sides cut strong 

ditches merging upstream the culvert. 

Considerable clogging appears on the right and 

central boxes of the culvert. The left box is clean; 

the others are heavily sedimented  (about 1 m 

elevation difference). 

 
 

A very well defined stream passes through the left 

barrel indicating a long term sedimentation process. 

Constant sedimentation level thought the more than 

50m culvert length is blocking the two culvert 

boxes. 

  

The effect of the long term sedimentation is obvious 

(with trees already growing on the new deposits) 

Mud trapped in the grass – very recent rain event  
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Site J5: Jordan Creek Culvert (on Black Hawks Ave) 

Site Characteristics: 

- Located on Old Mans creek; built in 2000 

- 9.8x9.8x84 RCB triple-box culvert 

- Design drainage area is 3765 acres 

- Entrances of right and central barrels were blocked by debris 

- No sediment was deposited in barrels 

 

 
 

Aerial photo sketch of culvert 
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Condition on April 16, 2007: 

  

Bank erosion on the right; expansion area 

is free of sediment. 

Trees were collapsed since bank erosion 

and blocked the entrances of berrels 

  

The flow downstream is aligned the central 

line of the culvert. Contraction area is free 

of sediment. 

No sedimentation through all barrels. 

 

 

Sediment deposited near the confluence 

between main stream and ditch flow 

 

Bank erosion 

Confluenc

e 
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Site J6:  Sand Road Culvert 

Site Characteristics: 

- The site seems to have been subjected to cleanup recently or retrofit 

- Cleanup near the bridge but far away the stream was not cleared 

- Culvert with aged asymmetric deposition 
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Condition on March 15, 2007: 

  

Upstream culvert side The deposition upstream is asymmetric. The 

picture showed that culvert has been cleanup. 

  

Side view (left bank) showing the new work. 

Curious pockets upstream the silt fences. 

Pockets indicated with arrows 

View from downstream waterway 

 

 

View of the downstream culvert side from the 

right bank 

 



195 
 

 

Site J7: Snyder Creek Culvert (on 480
th

 St.) 

Site Characteristics: 

- The culvert forces the stream to take a “S” shape while passing through the culvert 

- Oblique angle to the road- quite well aligned with the stream direction – no visible 

problems associated with sediment deposition 

- Very uniform flood plain vegetation  
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Condition on March 15, 2007: 

  

View of upstream waterway: The right side of 

the culvert boxes is sedimented due to the river 

curvature 
Side view from the upstream left bank 
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Site 8: Dear Creek Culvert (on Kansas Ave) 

Site Characteristics: 

- Located on Dear Creek 500m upstream from another very heavy silted 3-box 

culvert – see next site 

- Hilly area 

- Good site for monitoring sedimentation 
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Condition on March 15, 2007: 

  

View of upstream: The stream is aligned with 

the left culvert barrel. Deposition is in the right 

barrel, and Non-symmetry of the bank is 

upstream the culvert  

Side view of the upstream left bank:  Debris 

plays a role in triggering and facilitating 

sedimentation. High erosion of the roadway 

drainage ditches 

  

View of downstream waterway: Note the level 

of the high storms (indicated by the arrow) 
The right bank is clogged despite that is quite 

free downstream (upstream control of the 

sedimentation process!!!) 
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Site J9:  Sander Creek Culvert (on Newport Rd) 

Site Characteristics: 

- The terrain in the culvert vicinity is hilly 

- No debris near the entrance 

 

 

 

 



200 
 

 

Condition on March 16, 2007: 

  

Upstream view aligned the central line of the 

culvert. The stream is aligned with the right 

culvert barrel. 

Side view from the upstream right bank. 

Deposition around the left barrel of the culvert 

  

  

  

Downstream view along the central line of the 

culvert.  

Water mark shows that the culvert has been 

through the storm event 

 



201 
 

 

Site 10: Sander Creek Culvert (on Prairie Du Chien Rd) 

Site Characteristics: 

- The terrain in the culvert vicinity is hilly 

- No debris near the entrance 

- Both Twin-box culverts are not subject to the serious sedimentation problem 
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Condition on March 16, 2007: 

  

 Deposition is more serious in the right barrel. 

  

 Downstream view aligned the central line of 

the culvert. The stream is passing through the 

left barrel 

  

 The level of high water mark indicate the 

culvert has been through storms  
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2 Marion County 

The field visit in Marion County was conducted in August 2006. Six culvert sites 

were visited (Figure B.3).  Five are multi-barrel culverts and one is a single-barrel 

culvert. The vicinity of inlet and outlet was heavily vegetated. The sediment and debris 

deposits were considerable at all the visited sites and they obviously deteriorate the 

performance of structure for most culvert sites. Without a detailed investigation it could 

be inferred that the sedimentation processes in this county were evolving fast; for 

example at Site M4 a cleanup was conduce in 2004, and at the time of the visit all culvert 

barrels were clogged. From the USGS data it was observed that the area experienced a 

small flood in May 2005 which might explain the debris upstream the culvert. The stream 

flow was very shallow at this hydrological condition. Culvert opening invert is higher 

than water depth and blocks the waterway. 

 

 

Figure B.3 Marion County: Yellow markers are field visit locations, and Red markers are 
USGS stream stations 
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Site M1: Hwy. G-76 East Culvert (on Hwy. 14) 

Site Characteristics 

- Built in 1996  

- 10
’
×6

’
×104’ Triple RCB Culvert  

- Logs at inlet; outlet is heavy vegetated 

- Estimate remaining life at 2004: 44 yrs 

- Almost no flow; dry channel 

- Left and middle channels are clogged 

- Last cleanup: 10 yrs ago  

- The depositions at inlet and outlet are induced by the curve stream of inlet and 

might have confluence effect near the node of main channel and ditch flow 

 

  

Aerial Photo (from Beacon) Culvert Sketch 
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Figure C.3 Relation between CRT coordinates and physical coordinates (Fujita et al., 
1998a) 

 

Figure C 4. Method to create non-distorted image (Fujita et al., 1998) 


