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Overtopping Components 

 Unsteady Overtopping 
 Wave Induced 



Wave Overtopping 



THE SCIENCE  



Turf Reinforcement Mat Concept 

 
• Improve the ability of  

vegetation to resist 
the hydrodynamic 
forces of flowing 
water 
 
 



Examples of HPTRMs 



“The performance of reinforced grass is 
determined by a complex interaction of the 
constituent elements.  At present these physical 
processes, and the engineering properties of 
geotextiles and grass, cannot be fully described 
in quantitative terms.”   
 
      Hewlett, et al. (1987) 

The Problem… 



Un-Vegetated 

Typical ranges 
 

Velocity 
5 – 15 fps 

 
Shear 

1 – 5 psf 

Vegetated 

Typical ranges 
 

Velocity 
15 – 30 fps 

 
Shear 

10 – 20+ psf 
 



How to Test? 



Wave Overtopping Test Facility 



Planter Trays 



Tray Preparation 



Greenhouses (10,800 ft2) 



Tray Nurturing Greenhouse 



Tray Installation 





Bare Clay Slope Test 

Total failure after 20 min at 0.2 cfs per ft 



Lime-Stabilized Bare Clay Test 

Before 
After 20 min  

Lime Stabilized 



Grass Slope Resiliency Tests 

Bermuda Grass Slope 

No damage after 4.0 cfs per ft 

After 12 hrs of testing 



Grass Slope Resiliency Tests 

Before No damage after  
4.0 cfs per ft 

Bermudagrass with HPTRM 



Dormant Grass Slope Resiliency Test 

Before At end of 3rd hour After 1st hour at 2.5 cfs per ft 



Dormant Grass + HPTRM 

After 3rd test at 4.0 cfs per ft Before 



Erosion Quantification 



Hewlett, et al. Curves  



Good Grass: 
“Good grass cover is assumed to be dense, tightly-
knit turf established for at least two growing 
seasons.” 
 

Average Grass:   
?? No description given ?? 

 
Poor Grass: 

“Poor grass cover consist of uneven tussocky grass 
growth with bare ground exposed or a significant 
proportion of non-grass weed species.  Newly sown 
grass is likely to have poor cover for much of the 
first season.”   

     Hewlett, et al. (1987) 

Grass Quality  



Why vegetation? 

 Fast establishment 
 Perennial and self-repairable groundcover 
 Creates a permeable barrier to delay and reduce 

surface runoff 
 Reduces sediment loading 
 Aesthetics 
 Economical 

 



New 

How Does One Quantify         
Vegetative Coverage? 

Past 



60 % 21 % 



Table 5.  Comparison of Root Architecture for Established Bermudagrass with Reinforcement Mats 

Species Mat Total Root Length Surface Area Average Diameter Root Volume 

(cm) (cm2) (mm) (cm3) 

Bermudagrass Control 6575 759.01 0.3496         7.24 A  

Bermudagrass  A 5803 563.91 0.3041 4.42 AB 

Bermudagrass  B 4608 395.67 0.2657         2.72 B 

LSD(α=0.05) NS NS NS 2.48 

BUT… WHAT IS BELOW? 





Root Harvesting 



ROOT 
ANALYSIS 





Initial Study 

Grass Species  
• Bermudagrass  
• Bahiagrass 

Survived >4 CFS  

Root 
Parameters 

Root length 6575 cm 

Surface Area 759 cm2 

Avg Root Diam 0.35 mm 

Root Volume 7.24 cm3 



Same Trays Post Winter Stress 

 Reduced Grass Performance 

 HPTRM increased Performance 

Root 
Parameters 

Root length 3072 cm -53% 

Surface Area 244 cm2 -67% 

Avg Root Diam 0.24mm -31% 

Root Volume 3.57 cm3 -51% 



Field Sampling Comparison 

 Vegetation Age  
 Rooting 
 Performance 

 
Root Parameters 

Root length 3772 cm 

Surface Area 412 cm2 

Avg Root Diam 0.33mm 

Root Volume 3.63 cm3 

Example of field core 



HOW IS THIS 
INFORMATION USEFUL? 





Example of An Advanced 
Simple Decision Model 







HOW EFFECTIVE IS VEGETATION 
WITH A HPTRM? 











What is happening today… 



The Challenge 

 

 ~130 km with HPTRM 
 

 4.2 million m2 

bermudagrass sod 
 

 Irrigation for at least 60 
days 
 

 Fertility and pest 
management 
 

 

 
 



SOD SOURCES 
 

Location 
 

Perishable product 
36 hour time limit 
Weight limits 

 
 
 
 
 

Weather Forecasts  
 

Harvest scheduling/delays 
Recommend close coordination with multiple growers  



SOD SOURCES 

Sandy Soils 

Clay Soils 



SOD INSTALLATION 
 

Weather 
 

Installation delays 
Impacts to on-site sod storage time 
Close coordination with grower for deliveries 
 

 

Irrigation 
 
Fully operational prior to installation 

 
 
Installation 

 
Per spec and TPI GSS (2006) 
Demo project rate:  2 man crew – 8,000 ft2 in 10 hrs  
Laid sod must be pulled tight against adjacent strip 
Must be damp when rolling 
Edge blending/smoothing 
 

 
 

 
 

 











IRRIGATION  

  
 

Effectively & Adequately 
 

Per spec rates 
 Day of installation soak sod thoroughly 
 Period 2:  2 x 15,000 gal/acre/day 
 split application (morning and afternoon) 
 Period 3:  2 x 7500 gal/acre/day 
 split application (morning and afternoon) 
 for 60 days 
 

Monitor: 
• Irrigation and Distribution  

Uniformity Test (IDUT) per spec  
(at 1 per 5,000 linear feet of sod, etc.)  
• Rainfall with gauges  
• Irrigation rates with gauges 

• Out of spray range areas  
• Inadequate system layout 
• Strong winds 
• Natural precipitation must be taken 

into account 
 

 
 
 

 
 

 
 

 
 

 
 



Must irrigate with clean water for at least 
60 days 



IV. IRRIGATION   

  













POST INSTALLATION - PESTS 

   

• INSECTS 
• Fast response required 
• Collect specimen & photographs 

 
 
• DISEASE 

• Collect specimen 
• Refer to LSU AgCenter Plant Diagnostic 

Center  
• www.lsuagcenter.com 
 
 

• WEEDS 
• Seldom an issue in mature, dense sod 
 

 
 
 

 
 
 

 
 

 
 

 



POST INSTALLATION PESTS AT WBV 14i   



POST INSTALLATION – ACCEPTANCE  

  
 

 
• Watering periods performed 
• Mowing performed 
• Coverage  

 95% coverage  
 Total all brown areas ≤ 5% of total acreage 
 No brown/dead areas > 2 ft2 

 

• Sod Test Requirements 
 2 samples/5,000 linear ft 
 root length > 3,772 cm 
 root volume > 3.63 cm3 

 root weight > 13.9 gm 
 
 
 

 
 

 
 

 
 



GRASS BASICS 



Beard, J. B. and J. M. DiPaola.  Physiological Effects of Temperature Stress.  ASA Mongraph. P. 231-267 

Which species? 



How Cool-Season Grasses Grow 
 



Sod or seed? 

Vegetative varieties exhibit: 
Higher quality 
Faster to establish 
Increased window for establishment 
Higher initial expense 
 

Seeded varieties often exhibit: 
Slower to establish 
Shorter window for extablishment 
Slower to increase environmental tolerances 
Know your mulches 
Less expensive 





Past Research – Burwell et al. (2011) 



Simple Changes 

 Establishment method 
 Increase seeding rates 
 Soil test 
 Properly fertilize 
 Proper mulches 
 



Increase seeding rate reduces 
sediment loading 



Days After Seeding 
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What about fertility? 

 



Why take soil and water tests 

 Tests Performed at LSU 
Agcenter Soil Lab  

 Soil samples - $7 
 Storm tests - $5 
 pH, Fertility, Salt conc. 
 
1. How to manage your soil 
2. Is the water source    
 acceptable 



       

  

  

  

  





Questions or Comments 
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