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Presentation Overview

• Overview of “The Five Fundamentals”
1. Understand Your Substrate

2. Pick the Right Plant Species

3. Select the Right Erosion Control Practices

4. Insure Proper Installation

5. Conduct Inspection and Maintenance Activities

• Successful Case Histories

• Questions and Answers



Test Objective
Water, salt and buffer pH levels Soil reaction and neutralization requirements

Extractable Elements:
Macronutrients – Primary and Secondary

(NO3,P, K, Ca, Mg, SO4)
Nutrient element availability

Micronutrients
(B, Cl, Cu, Fe, Mo, Mn, Se, I, Zn)

Nutrient element availability

Other Elements
(Al, Na)

Toxicity

Trace Elements and Heavy Metals 
(As, Cd, Co, Cr, Cu, Mn, Pb, Ni)

Toxicity

Organic Matter Content Physical and chemical characteristics

Soluble Salts Total salts in soil solution

Agronomic Handbook Management of Crops, Soils, and Their Fertility  by J. Benton Jones, Table 11.1

Fundamental #1 – Understand Your Substrate



Profile Soil Solutions Software

“In the Ground, On the Ground, and By Your Side”

www.profileps3.com 



http://www.profileevs.com/
data/soil-testing-
properties-tech-bulletin

http://www.profileevs.com/data/soil-testing-properties-tech-bulletin




• Where is the project?

• Soil characteristics? 

• Permanent or temporary vegetation?

• When will the installation occur – seasonality?

• Desired plant materials
o Native, introduced, drought tolerant, palatable, warm or cool 

season, legumes, wildflowers, shrubs, trees, etc. 

o Sod – to get a quick Notice of Termination (NOT)

o Bird or animal deterrent seeds are now available

Fundamental #2 – Species Selection



Fundamental #2 – Species Selection

• What is the intended application?

o Slope, channel, riverine, shoreline, levee, cover 
system, etc.

• Site characteristics – such as elevation, topography,  
aspect, climatic conditions

• Maintenance activities – irrigation, mowing, 
supplemental amendments or grazing? 



Species Selection Questionnaire



Establishing vegetation 
requires balancing 

NATURAL VARIABLES

and 

PRODUCT BENEFITS

to create the best 
environment for growth 
and establishment

Water

Vegetation

Soil

“The Green Engineering Triangle” 

Functional Longevity

Growth 
Establishment

Erosion Control 
Effectiveness

Fundamental #3 – Erosion Control Practices



Texas Transportation Institute  
Indoor Facility

• 4 ft x 40 ft m test beds

• Adjustable slopes 
 2H:1V & 3H:1V

• Sand & clay soils

• Test both RECPs & HECPs



Large-Scale Flume Testing of Vegetated Turf 
Reinforcement  Systems – Colorado State University

Flume test box in place Velocity – 30 ft/sec 
Shear Stress – 17 lb/ft2



Fundamental #4 – Proper Installation

• Comprehensive and detailed construction 
specifications with plans/drawings 

• Complete installation guidelines

• Tools or calculators to facilitate mixing ratios 
and/or application rates

• Experience…preferably site specific experience!



Fundamental #5 – Inspection and Maintenance

• Inspection by qualified professionals whose  expectations 
are consistent with installer as well as owner and 
regulatory entity(s)

• Initial inspections to insure installations are in accordance 
with plans/specs with material quantities and activities 
fully documented

• Subsequent inspections conducted at pre-determined time 
intervals and maintenance activities conducted after each 
significant precipitation or other potentially damaging 
weather event



Chrome Mine
Rustenburg/Krondaal Area, South Africa
January 2012



Chrome mill tailings
are acidic and contain no 
organics or nutrients

Surface temperatures reach 63º C (145ºF)



• Prescriptive biological soil treatment hydraulically-applied at 8,000 
kg/ha (7,142 lb/ac)

o Organic matter – composted manure

o Humic and fulvic acid

o Microbial cultures

o Slow release soft rock phosphate

• Lime applied at 2,240 kg/ha (2,000 lb/ac) 

• Slope roughening to slow surface runoff, increase infiltration, and 
create pockets for germination and growth 

The Integrated Approach



The Integrated Approach

Prescriptive seed mix – “The Big Five”
o Eragrostis tef – “Tef “ annual lovegrass

o Eragrostis curvula – Weeping Lovegrass/Oulandsgras

o Digitaria eriantha – Smutsfinger/Common Finger Grass

o Chloris gayana – Rhodes Grass

o Cynodon dactylon – Bermuda or Kweek Gras



Erosion Control Material
• Flexible Growth Medium

o To resist heavy downpours 

o Facilitate growth establishment

o Long dry season – functional longevity > 1 year

• Hydraulically-applied at 3,600 kg/ha (3,214 lb/ac) on 
2H:1V slopes, 8 -10 meters high 

• Two-step application 

o Step one – amendments, seed mix and tracer 

o Step two – flexible growth medium from two directions



January 2012
3 weeks growth 



June 2012
6 months later



February 2013
14 months later



Nickel Mill Slag 

Remediation Project

Sudbury, Ontario, Canada



The Integrated Approach – Soil Test

• Slag – highly acidic, low in 
organic matter and nutrients

• 18 in (46 cm ) clay cover 

• 80,000 yd3 (61,164 m3 ) 

• Lime, synthetic fertilizer and 
biostimulants applied directly 
on clay cover



Placement of Cover Material 



The Integrated Approach – Seed Mix
• Grasses – Perennial Ryegrass, Canada Bluegrass, Timothy, 

Red Top, Hard Fescue, Creeping Red Fescue, Meadow 
Fescue, Chewings Fescue

• Legumes – Alsike Clover, Red Clover, White Clover, 
Birdsfoot Trefoil

• Hydraulically-applied at 225 lb/ac (252 kg/ha )



Erosion Control Material
• Flexible Growth Medium

• Hydraulically-applied at 4,500 lb/ac (5,100 kg/ha ) on 
3H:1V slopes, 100 feet (30 meters) long

• Late fall dormant seeding

• Cat tracked (dozer walked) slopes

• Fiber filtration tubes for slope interruption

• Two-step application 

o Step one – amendments, seed mix and tracer 

o Step two – flexible growth medium from two directions



Sudbury, Ontario
October 2006





Slag

Clay Cover

October 2006



June 2007



Huzhu JinYuan Cement Ltd

Xi Ning Project



Xi Ning Project – Background and Issues

• Mine adjacent to Beishan National Forest Park

• Chinese government required owner to restore vegetation on 
slopes or factory would be shut down.



A Very Challenging Project!

65~70°

100m

• Slope vertical height: up to 100m (328 ft)
• Slope gradients: 65~70°, negative slopes in areas



Loose Gravel and Rockfall Potential 



Challenging Growing & Climatic Conditions
• High altitude – 10,758 feet (3,280 meters)
• Sudden changes in temperature, rain and snow
• Limited growing season – April to September 



Key Issues to be Solved

• Eliminate rockfall potential – Safety!

• Create stable soil layer above loose rock

• Develop sustainable growing medium

• Select seed mix of locally adapted species

• Accelerate growth establishment in compressed 
growing season(s)

• Maintain soil moisture 

• Control of surface erosion during “grow in” period 
of 2-3 years



Solution and Design

• Turf Reinforcement 
Mat (TRM) and 
Rockfall Netting 
Composite

Turf Reinforcement Mat (TRM) and Rockfall Netting Composite



“High-Performance Reinforced Hydroseeding Method”



Plant Species Selection
• Planting experiments conducted with Qinghai Provincial 

University to determine locally available plant species 
adapted to the harsh site conditions. 

• Selected species seeded at a rate of 31 lb/ac (35 kg/ha):

o Elymus nutans – rye or wheatgrass

o Festuca arundinacea – tall fescue

o Calendula officinalis – calendula

o Hypoxis sp. – star grass

• Fertilizer and amendments added



Installation Sequence

• Clean the rock surface

• Fix top anchors and steel wire rope

• Hang TRM/Rockfall netting composite in close contact 
with slope surface 

• Spray mixed soil slurry through the open/porous composite

• Spray high performance hydraulically-applied flexible 
growth medium with seed and amendments into 
TRM/Rockfall netting composite above soil slurry

• Install irrigation system



Clean Surface to Remove Dangerous Rocks



Fix Top Anchors and Steel Wire Rope

Anchors Steel Wire Rope



Hang Green Colored TRM/Rockfall Net Composite 



Anchor Composite to Rock Slope Surface 



Soil test Soil improved formula

Soil source Soil sift Mixture Spray mixture

Binding Agent

Spray Soil Mixure Slurry



Apply High Performance Flexible Growth Medium

July/August 2014
Averaged up to 5,000 ㎡/day in ideal weather



8m 4m

3m

12.5m

9.5m

12.5m

9.5m

3m

Spray Head

Water Lines

TRM/Rockfall Net Composite with Pre-Assembled Irrigation Lines

Irrigation System Design



Irrigation System Works Well



Results and Influence



10 days 20 days
40 days 60 days



15 days 25 days
35 days 45 days

Plants Doing Well in First Season!



Site Snow Covered for Four Months



Before construction – 2014 Summer 2015

Vegetation Re-Emerged in 2015



Summer 2015Before construction – 2014

Vegetation Re-Emerged in 2015



Now

20152014

So Far, So Good…

Site was “fertigated through irrigation system
in summer of 2015
Chinese government approved mine’s efforts



Questions?
mtheisen@profileproducts.com
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