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Background

* Forest roads produce
fine sediment

e Can deliver sediment to
streams
— Increase turbidity
 Changes to Pac NW
state regulations ok
 Regulatory solutionisto
stop traffic |
— Ex: California, Oregon




Background

Where does fine sediment
come from?
— Exist in surface aggregate

— Produced from aggregate
breakdown

— From subgrade - mixing




Introduction

 How to reduce sediment production?

« Existing design methods:
— Do not consider environmental failure
— Design for specified rut depth
— Managers use trial and error

 [Future need:
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Research Objectives

Goal: To evaluate the
environmental
benefits of
upgrading forest
roads for wet-
weather hauling

Objective: measure
sediment production
from alternative
designs for road
pavements

— Focus: Reduce
subgrade mixing




Methods

Control
Geotextile
Geocaell

5 cm cap of well-

graded, crushed
> annranata

13 cm aggregate: 4 cm 15 cm geocell
max diameter filled with
aggregate: 4 cm
max diameter

Subgrade Geotextile




Methods

Three research
locations

— Crannell, California

— South Burma, Oregon
— Molalla, Oregon

Constructed
pavement treatments
— “Standard” practices

Truck traffic
Artificial rain
Sampled runoff
Dug trenches
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Methods

« Example equipment setup

Increasing

elevation T

91 m road segment

Inboard ditch
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Equipment to _ Rubber water bars
monitor and Rain gauges
sample runoff

Sprinkler system
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* Analyzed runoff
for Suspended
Sediment
Concentration
(SSC)

« Compared SSC
between
treatments and
across locations




Methods
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Source of
Variation
Model
Block
Treatments
Interactions
Residual

Total

Sum of Squares

BSS+TSS +ISS
BSS

T,
IS‘.S
RSS

BSS+TSS+ISS+RSS

Methods

« Two-way ANOVA with 5 treatments at 3
research locations

* Block effect: local aggregate and subgrade
conditions

Degrees of
Freedom

11

2
3
6
3

14

Mean Square F-Statistic

(B +T)/11 Frtodel
B /2 Fiiock
T, /3 F
I /6 F
(Standard Deviation)’

Treatment

Interaction

P-Value

PModcl

PBlock
P
P

Treatment

Interaction




Results

Statistical Analysis: Repeated control, block
design

ANOVA results
1. No significant difference in sediment

production between pavement
treatments!

« Alternative treatments did not reduce
sediment production over controls



Results

 After hauling was completed on the roads,
conducted “autopsy” of each pavement
treatment




Results: Trenches

* Clear boundary between subgrade and
aggregate pavement
— No subgrade mixing
— Fines were produced from the pavement



Results

ANOVA results

. No significant difference in sediment
production between pavement
treatments!

. Some differences In sediment

production at the individual site level



Results

Crannell S. Burma Molalla
Treatments | Geotextile, | Geotextile |All
that Control (1)
produced
the most

sediment




Results

Y
S
Y

* Ruts! *

i
:
!
:
i
2
:




Results

ANOVA results

. No significant difference in sediment
production between pavement
treatments!

. Some differences in sediment production
at the individual site level

. Significant block effect: difference In
sediment production between
research locations



Results

Avg. Peak Crannell

SSC (mg/L)
Control 25,833
More

Rock 13,402

Geotextile 44 273
Geocell

S. Burma

5,22

12,219
24,899

6,868

Molalla

97,551

68,430
103,485

72,985



Results — Surfacing Aggregate
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Results

Crannell

S. Burma

Molalla

Fine
Aggregate

Fine
Sediment

“Fines” Foltz
and Truebe

Aggregate
guality (MD)

Truck count




Results

Crannell

Fine
Aggregate

33.5%

Fine
Sediment

S. Burma

Molalla

32.9%

“Fines” Foltz
and Truebe

Aggregate
guality (MD)

Truck count




Results

Crannell

Fine
Aggregate

33.5%

Fine
Sediment

0.4%

“Fines” Foltz
and Truebe

S. Burma

Molalla

32.9%

0.8%

Aggregate
guality (MD)

Truck count




Results

Molalla

32.9%

Crannell S. Burma
Fine
Aggregate 33.5%
Fine
Sediment 0.4%
“Fines” Foltz
and Truebe 12.6%
Aggregate
quality (MD)

0.8%

Truck count




Results

Crannell S. Burma Molalla
Fine
Aggregate 33.5% 32.9%
Fine
Sediment 0.4% 0.8%
“Fines” Foltz
and Truebe 12.6%
Aggregate
quality (MD)

Truck count




Results

Crannell S. Burma Molalla
Fine
Aggregate 33.5% 32.9%
Fine
Sediment 0.4% 0.8%
“Fines” Foltz
and Truebe 12.6%
Aggregate
quality (MD)

Truck count




Results

5 cm cap of well-graded,
crushed aggregate

20 cm of open-
graded, larger

aggregate

Subgrade







 Ruts create a flow
pathway

 Road surface does
not shed runoff as
well

e As ruts collect more
volume
— More kinetic energy

— More sediment
detachment and
transport




Discussion

 Rutting (in all but
one treatment) was
contained within
the surfacing
aggregate

 Ruts did not form
because of a weak
subgrade




Discussion

Geotextile treatments
were prone to rutting

— Why?
 Large open-
graded base

* Little aggregate
Interlock
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Discuss




Discussion — Time Factor

Subgrade August 2006 End of use May 2007

e




Research Conclusions

* To minimize sediment production from
forest roads:
— Focus on aggregate pavement, not subgrade
« Subgrade mixing not a factor
— Consider availability of fine sediments in the
aggregate

— Design and maintain the pavement to resist
rutting



Sediment Production from Unpaved Roads in
Pennsylvania

Steve Bloser
PSU Center for Dirt and Gravel Roads

www.dirtandgravelroads.org

Transportation Research Board
April 4/2012


http://www.dirtandgravelroads.org/

GOALS:

- Realize the potential for sediment pollution from
unpaved road runoff.

- Look at potential sediment reductions possible
by using quality aggregates.
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Unpaved Road Sediment Study Perspective
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Unpaved Road Sediment Study Perspective

PA: 118,000 miles of public road
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Perspective
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Unpaved Public Roads 20,000+ miles

Erie

»
.t
iy
g )
o L
R
‘-4-\."

& %,
" _—
s el
W T
Sl N “?
< Vg
- - e
o.ﬂi p -
LRy

Wy 1 # S
l“ e “ 'h). &
” Y Say = Fog.
,"n. - T 4 ” » 1 va : G /! .J.l- .t Jy v
- FL... : o Rl 'S Yon
- ." .- . ¥ H e 2, T u._
- ”: -; ” .v e \fﬁdtcf < )
L8 Ta A KoY T MY
~ oy " S v 5 M or L
: N-V g /a."/ & - /..r e . -
L) »
L Sl . < * ”
\- f \-’- ﬁ 3 . . t’ 2
& . ~
3 i o&o-Nll - T S ta S
- N Y
4 fs \.‘- ' T- = >
A AT ” R MG Nt 3 NA.
@u. \iﬁ A CANE AN - n
.&1 h o r b .u.... s L, TR
¥ . ety . Y e ]
o W ¥ cfvt > ‘g 0 e
: PR o . ; e TRy
s e H v P "
é . ﬁ ™ ot " o . . “m.b’o.. ilul(%ushh v n’.
3,2 F 8 DR TR e PR
LY - " s = 1, o~ ’
o % D eas
. -7 - >4 .4 ‘y
3 : y R %
= % L R 4 s
A sas ff s SO
tll, b% T .;\lf ' \f\ » o%- k
L T " e s
¥ e vk Tt SR
.oh e o v:a ‘ ../qh. . W -“p-’
. -~ “ 3 . " H - - > ~4
Q#. (TN 3 G » 2 V M [ R
& =, ML < | ol ra... "o = %
-.....-ﬂ & S 4B - ’ »
W] T R e L . . “u
ﬂﬁ- R : - - ” * (1 ’wl- - ~I'.
- A O RN L
-MEC A 17 AT g 4 - ~Ia y;.“ 2 Pl =
. ; - NAPT. T P
B .‘mn M F\s‘ ‘ \‘




Unpaved Road Sediment Study Perspective

Unpaved roads + streams




Unpaved Road Sediment Study Perspective

- Began in 1997 (Trout Unlimited initiative)

- Grant Program to fund "Environmentally
Sensitive Road Maintenance” on local roads.

- GOAL: Long term solutions to reduce
stream pollution and maintenance costs
from unpaved roads



Unpaved Road Sediment Study Perspective

Identified pollution sites “worksites”
|~ 16,000 sites
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Unpaved Road Sediment Study Perspective

Program Status
as of 1/2011

All Funded Worksites (2,100 sites)

//_[ 2010 Funded Worksites (180 sites)
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Presentation Outline

Background
« Perspective
« Driving Surface Aggregate
« Rainfall Simulator

Study 1: CBC, 2008

« Qverview
 Results
 Conclusions

Study 2: ANF, 2012

« Qverview
 Results
 Conclusions




Driving Surface Aggregate Sediment Study Bac kg roun d - DSA

Driving Surface Aggregate

* Developed by Center in 2000 to replace “base
courses” that were being used in PA.

« Well graded to achieve maximum density.

* Rock fines (-#200) of 10-15%. | Passing Sieve | Lower | Higher

. % %
* No clay or silt added. 1% inch 100

» Hardness and pH specs. %4 inch 65 95

. . 30 65
 Placed at optimum moisture ij " 0
and compacted. 4200 10 15

« Recommended paver placement.

 Dirt and Gravel Road Program promotes its use at
“road/stream interactions”

 PennDOT Publication 447 (MS-0450-0004)




Surface Aggregate
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Presentation Outline

Background
« Perspective
 Driving Surface Aggregate
« Rainfall Simulator

Study 1: CBC, 2008

« Qverview
 Results
 Conclusions

Study 2: ANF, 2012

« Qverview
 Results
 Conclusions




Unpaved Road Sediment Study Rainfall Simulator

Site Testing

« A Rainfall Simulator was used to quantify
sediment production

« Repeatability
e Convenience




Unpaved Road Sediment Study Rainfall Simulator

Rainmaker:

«100 feet long (30 m)
* 11 ten foot risers (3m)




Unpaved Road Sediment Study Rainfall Simulator

Rainmaker:

«100 feet long (30 m)

* 11 ten foot risers (3m)

* 2 rotary nozzles per riser
«3” (7.6 cm), 6hp water pump




Unpaved Road Sediment Study Rainfall Simulator

oy

Rainmaker:

«100 feet long (30 m)

* 11 ten foot risers (3m)

* 2 rotary nozzles per riser
«3" (7.6 cm), Bhp water pump

« Equivalent to 0.6” rainfall in
30 minutes.

 Three runs: measure flow
and sediment.



Unpaved Road Sediment Study Ralnfall Simul
ImU ator
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Unpaved Road Sediment Study Rainfall Simulator

- .5‘ ~

Rainmaker: \és, SN

\..\_.

*Grab Samples: taken at regular
Intervals. Analyzed in lab for
sediment.

* Flow Samples: timed bucket
filling at regular intervals allows
flow calculation.

* Flow and sediment concentration
used to determine total
sediment in runoff for event.




Unpaved Road Sediment Study Rainfall Simulator

Rainmaker:

* Three 30-minute runs are done on each site and
averaged to get sediment production.

*There is a 60 minute drying time before runs 2
and 3.

«20 vehicle passes are done over the site during
the drying time to simulate traffic stresses.



Unpaved Road Sediment Study Rainfall Simulator

Convenience and Repeatability

Flow Rate at Sample Point (site E, ANF study)
30
25
Py =—f=—run 1
3 20 == run 2
jw
% 15 run3 |
k:
E 10
4
5
0 JL l . ——a—a
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0
Time (min)




Unpaved Road Sediment Study Rainfall Simulator

Rainfall Simulator note:

Conservative sediment estimates:

« No “compounding” effects because it is only
run on 100" of road.

 No off-road water influences.
* No “bed load” measurement
« Largely measures impact erosion.




Presentation Outline

Background
« Perspective
 Driving Surface Aggregate
« Rainfall Simulator

Study 1: CBC, 2008

e Qverview
 Results
 Conclusions

Study 2: ANF, 2012

« Qverview
 Results
 Conclusions




There Is a lot to cover, soO
presentation will move fast.

More Information

Research Summaries: |$

Full Research Reports

www.dirtandqravelroads.orq

under “research’.

Study 1. CBC

Study 2: ANF
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Unpaved Road Sediment Study Study 1: Overview

Study Detalls

* Funded by
Chesapeake

Bay Commission.

62,000+ sqmi watershed
16+ Million residents

« Study completed
in 2008




Unpaved Road Sediment Study Study 1: Overview

Study Detalls

Purpose: Determine sediment reductions

from BMP implementation

— Additional Drainage Outlets
— Berm Removal
— Raising an entrenched road
— Grade-breaks

— Driving Surface Aggregate

Use results in Chesapeake Bay Watershed
Model.



Unpaved Road Sediment Study Study 1: Overview

Lebo Road (PA Forestry), Potter County, PA

ADT estimated at <20, *usually*

: Lebo Road
!



Unpaved Road Sediment Study Study 1: Overview

* Lebo Road DSA placements — June 2006
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Study 1: Overview
Study Detalls

 Aggregates placed in 2006

« Sediment tests run:
— Before placement
— 1 month after placement
— 1 year after placement
— 2 years after placement

« Study completed in 2008

* Low traffic road
— Hunting season, fishing season, road rally




Presentation Outline

Background
« Perspective
 Driving Surface Aggregate
« Rainfall Simulator

Study 1: CBC, 2008

e Qverview
e Results
 Conclusions

Study 2: ANF, 2012

« Qverview
 Results
 Conclusions




Unpaved Road Sediment Study Study 1: Results

Sandstone SA

(1 month)

Native Surface




Unpaved Road Sediment Study Study 1: Results

Limestone DSA
(1 month)




Unpaved Road Sediment Study

Study 1: Results

10
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Unpaved Road Sediment Study Study 1: Results
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Unpaved Road Sediment Study Study 1: Results
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Unpaved Road Sediment Study Study 1: Results
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Unpaved Road Sediment Study Study 1: Results

Average Sediment Production (combined sites):

Native Surface: 380 Ibs/mile (107 kg/km)
DSA 1 month: 96 Ibs/mile 27 kg/km)
DSA 1 year: 36 Ibs/mile (10 kg/km)
DSA 2 years: 12 Ibs/mile (3.4 kg/km)

*remember this is for one 30 minute storm
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Unpaved Road Sediment Study Study 1: Conclusions

Conclusions:

* DSA reduced sediment production by >90% for at
least two years after placement.

* No significant difference in limestone -vs-
sandstone parent material. (equal hardness)

* Road was not graded until 2011, 5 years after
placement.
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Unpaved Road Sediment Study Study 2: Overview
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Unpaved Road Sediment Study

Study Overview

9,800+ wells In
ANF

1,700+ miles of
access road,

and growing

Focused on
Grunder Run
Watershed

Study 2: Overview

=




Unpaved Road Sediment Study Study 2: Overview

Study Purpose

* Collect baseline data on sediment production
from olil access roads.

* Look at various road factors such as slope,
width, use, etc.

 Collect second set of data from a few sites after
new aggregate was placed.
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Unpaved Road Sediment Study Study 2: Overview

Study Status

* 14 sites tested on “existing roads” in 2010.

« Work was done, including aggregate placement,
on several of those sites.

« 4 sites re-tested on newly placed DSA or newly
placed pit-run in 2011.

* Final report finished 3/2012.



Presentation Outline

Background
« Perspective
 Driving Surface Aggregate
« Rainfall Simulator

Study 1: CBC, 2008

e Qverview
e Results
« Conclusions

Study 2: ANF, 2012

« Qverview
e Results
 Conclusions




Unpaved Road Sediment Study Study 2: Results

Sediment productions from 7.4 to 60.1 Ibs (390 - 3,173 Ibs/road mile)

Pounds of Sediment Measured in Individual Runs

90

g0 . ™ Run1l
B Run?2

70 +—

B Run3

Pounds of Sediment

SiteID




Unpaved Road Sediment Study Study 2: ReSUItS
- = \‘~ , + T
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Site A: 3.2 pounds of sediment
1 1bs, 2.1 Ibs, 6.4 Ibs

Tested: 8/18/2010

Slope: 14.7% -«

Width: 13°

Traffic: Very Low
CBR(strength): 31

Material: Loam: 43% sand, 31%
silt, 26% clay




Unpaved Road Sediment Study

Site T: 74 pounds of sediment
7.1 1bs, 7.0 lbs, 8.0 Ibs

Tested: 8/19/2010

Slope: 3.3%

Width: 12° (16’ with berm)

Traffic: High

CBR(strength): 141

Material: Sandy Loam: 75% sand,@
14% silt, 11% clay




Unpaved Road Sediment Study

Site S: 7.9 pounds of sediment
4.2 1bs, 10.1 Ibs, 9.4 lbs

Tested: 7/27/2010

Slope: 7.6%

Width: 11° (11° with berm)
Material: Sandy Clayey Loam: 52%
sand, 24% silt, 24% clay

Traffic: Med

CBR(strength): 91




Unpaved Road Sediment Study

Site R: 111 pounds of sediment
9.3 Ibs, 9.8 Ibs, 14.3 Ibs

Tested: 7/27/2010

Slope: 9.0%

Width: 11.5° (11.5° with berm)
Traffic: Low

CBR(strength): 99

Material: Loam: 47% sand, 29% silt,
24% clay

Study 2: Results




Unpaved Road Sediment Study Study 2: Results

Site K: 12.7 pounds of sediment
7.9 1bs, 15.4 1bs, 14.9 Ibs

Tested: 6/18/2010

Slope: 4.4%

Width: 12° (13’ with berm)
Traffic: Med

CBR(strength): 67

Material: Sandy Loam: 57% sand,
27% silt, 16% clay




Unpaved Road Sediment Study Study 2: Results
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Site G: 13.0 pounds of sediment
15.1 Ibs, 14.0 Ibs, 10.9 Ibs

Tested: 7/2/2010

Slope: 16.2%

Width: 12.5° (12.5’ with berm)

Traffic: High R 4 x o o R
CBR(strength): 126 S b <=
Material: Loam: 41% sand, 38% silt, - : ' e "

21% clay
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Unpaved Road Sediment Study

Site |: 147 pounds of sediment

14 1bs, 16.5 Ibs, 13.7 Ibs <G

Tested: 8/17/2010

Slope: 20.5%

Width: 13’ (17’ with berm)

Traffic: Low

CBR(strength): 81

Material: Loam: 43% sand, 33% silt,

24% clay




Unpaved Road Sediment Study

Site C: 149 pounds of sediment
11.9 Ibs, 14.6 Ibs, 18.0 Ibs

Tested: 7/8/2010

Slope: 7.2%

Width: 10’ (14’ with berm)

Traffic: Low

CBR(strength): unknown

Material: Loam: 45% sand, 30% silt,
25% clay

Study 2: Results



Unpaved Road Sediment Study

Site L: 28.4 pounds of sediment
12 Ibs, 35.7 Ibs, 37.5 Ibs

Tested: 6/31/2010

Slope: 13.8%

Width: 12° (15’ with berm)

Traffic: Low

CBR(strength): 71

Material: Loam: 51% sand, 31% silt,

18% clay




Unpaved Road Sediment Study

Stud

y 2. Results

..

.

Site N: 29.7 pounds of sediment
14.3 Ibs, 40.5 Ibs, 34.4 Ibs

Tested: 8/18/2010

Slope: 5.6%

Width: 13° (15’ with berm)

Traffic: High

CBR(strength): 103

Material: Loam: 49% sand, 31% silt,
20% clay




Unpaved Road Sediment Study Study 2: Results
™ FQ r .

!

14 W
Site E: 35.9 pounds of sediment

7.8 Ibs, 36.9 Ibs, 62.8 <@

Tested: 6/30/2010

Slope: 9.2%

Width: 13’ (13’ with berm)

Traffic: Low

CBR(strength): 65

Material: Loam: 73% sand, 14% silt,

13% clay




Unpaved Road Sediment Study Study 2: ReSUItS

Site F: 42.7 pounds of sediment e e ?’A-".‘ ; e ' :
47.1 1bs, 42.2 Ibs, 38.8 Ibs =5 > R =

Tested: 7/2/2010

Slope: 13.3%

Width: 15’ (15’ with berm)

Traffic: High

CBR(strength): 133

Material: Loam: 46% sand, 33% silt,
21% clay



Unpaved Road Sediment Study S

Site M: 43.1 pounds of sediment
23.6 Ibs, 50.5 Ibs, 55.2 lbs

Tested: 6/31/2010

Slope: 19.2%

Width: 10’ (15’ with berm)

Traffic: Low

CBR(strength): 76

Material: Loam: 47% sand, 33% silt,
20% clay

™ N




Unpaved Road Sediment Study Results

Site B: 60.1 pounds of sediment é
31.7 lbs, 67.0 Ibs, 81.7 lbs

Tested: 7/8/2010

Slope: 12.7%

Width: 11° (16’ with berm) <G
Traffic: Med

CBR(strength): unknown

Material: Loam: 48% sand, 32% silt, 20%
clay




Unpaved Road Sediment Study

Study 2: Results

Site Slope Road |rd +berm| Strength | traffic | Lbs Sedimentper 30 min. event Site
ID % width (ft)|width (ft)] (CBR) level Runl | Run2 | Run3 | Avg ID
A* 14.7 na 13 31 v. low 1.0 2.1 6.4 3.2 A*
T 3.3 12 16 141 high 221 7 8 7.4 T
S 7.6 11 11 91 med 4.2 10.1 0.4 7.9 S
R 9 11.5 11.5 99 med 9.3 0.8 14.3 11.1 R
K 4.4 12 13 67 med 7.9 15.4 14.9 12.7 K
G 16.2 125 12.5 126 high 15.1 14.0 10.0 13.0 G
| 20.5 13 17 81 low 14.0 16.5 13.7 14.7 |
C 7.2 10 14 na low 119 14.6 180 14.9 C
L 13.8 12 15 71 low 12.0 35.7 37.5 284 L
N 5.6 13 15 103 high 14.3 40.5 34.4 29.7 N
E 0.2 13 13 65 low 7.8 36.9 62.8 35.9 E
F 13.3 15 15 76 high 47.1 42.2 38.8 42.7 F
M 19.2 10 15 133 low 23.6 50.5 | 55.2** | 43.1 M
B 12.7 11 16 na med L 317 i 67.0 8L7 60 B
*Site Aon grass road: not used in averages. Avg 15.8 27.7 ZS.QF 24.7| pounds
*Site M, run 3 extrapolated Avg 836 | 1463 | 1,511\ 1,306 |lbs/mile
Runl | Run2 | Run3 |Ave




Unpaved Road Sediment Study Study 2: Results

Big Picture:

Let’s extrapolate:
Let’s talk about one rain shower moving across the National

Forest with 0.6 inches of rainfall in 30 minutes.....




Unpaved Road Sediment Study Study 2: Results

Big Picture:

Let’s extrapolate:
Let’s talk about one rain shower moving across the National
Forest with 0.6 inches of rainfall in 30 minutes.....

1,320pounds/mile* 1,700miles [ 20001bs/ton =
1,122 tons of sediment from all roads in ANF



Unpaved Road Sediment Study Study 2: Results

Big Picture:

Let’s extrapolate:
Let’s talk about one rain shower moving across the National
Forest with 0.6 inches of rainfall in 30 minutes.....

1,320pounds/mile* 1,700miles [ 20001bs/ton =
1,122 tons of sediment from all roads in ANF

374 tons of sediment (17 tri-axle loads) of
direct stream pollution in one 30 minute, 0.6”
rain event.

 conservative estimate and does not include ANF roads
« estimates are that there will be 2,260 miles of access roads by 2020




Unpaved Road Sediment Study Study 2: Results

2010 Testing: First Flush (grassed road)

Average Sediment Concentrations Over Time
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Unpaved Road Sediment Study

The rest of the study:

Look at sediment predation
from four of the previously
tested sites that have been
resurfaced. Two with
limestone Driving Surface
Aggregate, two with pit-
run gravel.

Completed in 2011

2011/10/10 11:17



Unpaved Road Sediment Study Study 2: Results

The rest of the study:

“Pit-Run”

* locally excavated
* NO processing

* highly variable

DSA - Driving Surface

Aggregate

* must be imported to ANF

* costs 2-3 time as much

* ANF has been placing
on roads within 300’ of
streams




Unpaved Road Sediment Study Study 2: Results
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Unpaved Road Sediment Study Study 2 ReSUItS
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Unpaved Road Sediment Study Study 2: Results
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Unpaved Road Sediment Study Study 2. ResultS
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Unpaved Road Sediment Study Study 2: Results

Pounds of sediment per road mile

Average Sediment Productions per Road-mile for Each
Road Type for a Single 30-minute 0.6" Rain Event

Crunl
Orun2
run3
BAVG

Existing Roads New Pit-run Grass New DSA
(13 sites) (2 sites) (1site) (2 sites)
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Pounds of sediment per road mile

Average Sediment Productions per Road-mile for Each
Road Type for a Single 30-minute 0.6" Rain Event

Existing Roads
(13 sites)

Crunl
Brun2 |
Erun3

BAVG

New Pit-run Grass New DSA
(2 sites) (1site) (2 sites)




Unpaved Road Sediment Study Study 2: Results

Pounds of sediment per road mile

Average Sediment Productions per Road-mile for Each
Road Type for a Single 30-minute 0.6" Rain Event

Existing Roads
(13 sites)

Crunl
Brun2 |
Erun3

BAVG

New Pit-run Grass New DSA
(2 sites) (1site) (2 sites)




Unpaved Road Sediment Study Study 2: Results

Pounds of sediment per road mile

Average Sediment Productions per Road-mile for Each
Road Type for a Single 30-minute 0.6" Rain Event

Existing Roads
(13 sites)

Crunl
Brun2 |
Erun3

BAVG

New Pit-run Grass New DSA
(2 sites) (1site) (2 sites)
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Unpaved Road Sediment Study Study 2: Conclusions

Disclaimer:

« Use caution when drawing conclusions from this study.

* While it provided valuable data and lessons, it really only
gave us a peak at the whole process going on:

 We only looked at 1,400 feet of road (0.02% of oil/gas roads).

« Doing one run per road only gives us “snapshots” in time.



Unpaved Road Sediment Study Study 2: Conclusions

Results Summary for existing roads:

Avg. 1,300 Ibs/mile per single 30 minute 0.6" rain event.

Run 1: Road slope and width were best sediment predictors,
although relationship was not as strong as expected.

Runs 2&3: Road strength (CBR) had a large influence on
how much sediment production increased over run 1.

Significant “First Flush” effect: In many cases >1/2 the
sediment left the site in the first 5-10 minutes of runoff.

Maintaining a grass surface significantly reduces the amount
of sediment generated from seldom used roadways.




Unpaved Road Sediment Study Study 2: Conclusions

Results Summary for new aggreqgate:

New pit run reduced sediment on their particular sites, but
was still in range of “average” sediment production from all
existing roads.

DSA significantly reduced sediment production on individual
sits and produced 1/10 as much sediment as the existing or
new pit-run surfaces.

Over the past few years, the ANF has been “concentrating”
DSA placement into stream sensitive locations (<300°)
because of cost. This appears to be an effective way to
reduce road runoff pollution.



Unpaved Road Sediment Study Study 2: Conclusions

Future Research:

- More data points, especially in other geographic locations.

- Additional “after” aggregate testing, either on new
sections, or on the same sections in successive years.

- Correlation of sediment production to road longevity.

- Comparison of other aggregate gradations or varying
aggregate qualities.

- How do maintenance activities such as grading affect
sediment production?

- How does traffic volume affect aggregate performance
and longevity?




More Information
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under “research”.

Study 1. CBC

Study 2: ANF

Perveari’s Dt and Gows Roat Mankraccs Progem foe ng a3voied Dumercery Sesute
Murserarce (250 Practces 1 redce srear Sokdon SR et el Purn Satw's Certer for i wre
Camve Ruad Joabes (Catar ot (st Cowiited A Wil Dl vl L30g 300 Be Checaissns Ray
c P bagnt 10 DAty sacirat MELSIONS YU ey Cooenondy ssed EIV pocices.

00 00Uy & 0 I s T L D e

wﬁm’m ne el & T Sy

- Dwwg Sertece Aggrepete » ersie A S 08 § BTETTY] TWD0 A SR et
Png the Baim) Prabie iampeny vamd oo ¥ et trees M0 & ieskes W foe
0 (T T G 1 ST WA K0 T S 6 T

e e

D Romdwat MEwsving erwirenary ber 390 06Ch on ST BGO Se Of TRAC 13 SOOI St S

10 Crder 5 CuteTee STt e chons of B v PaC0, £ wEs ResRay D COMC] SRt 2ita bot
bakone el st wach cracize was rrokrseries. The Rammshar see doncrmon beiow! wes sved 0 e &
wnvinied s pmatatio revAe et on 9 100 mechon of wed S ach tewt
AT o et AR (W o7 T RS B e ) W
FAM it DRMTatasan  Fow B0 W ATans ae G o
T e N
O The Twen B e e cand B A Se0B0n OF e
RMWES T Juwige Gacewet ks te e 3] wenaw s By
Muhummmmmnm:m

PEACAIY IRphTIioe, T Rachrt 300sc8an dm sach Jrachce can e
o —

AL il
Tore e e =
St e S -

o 3 Ry T S

Meet the Rainmaker, a Rainfall Simulator for Roadways...
Tre Toowesher' & & OwE srasssr
Cevetond by T Canter il Comates
B AN wlad el 02 e
o 0 g of mas The &
SQavaet B 3 e rea e
or = 3 reew som S ot of
Feremfrann ™ mrewber ctes
» cortnied rpemace it sy
ot by hetrw sod e £5W

rch Sed e Prodection bore Sakos OF
8Gas Azcese Roads (n e Alegheny

!u(m mﬁ:—m-ﬂm a4 secnone of 1aas Ueed by B Chaion of 300 G Feery

Wit fw Adegterry Names Trwst. I addtion s fue 14 “cunrg comfar’ mamd by Yowr of b vhes Sur
8 rew s el st ach g wes opaset Th surzces & S ewech W 13 Sy st
e yodevard pradaten (pes Iors o) Terfaa e i dckorvwe e fwege v et Gend!
10 st o MVt e Sateies wh e 1840

Summary

e L e R L TR " P

Sralve of W gus dewkpTant b beer coarg i P Algpeny
Fotwonet Forewt NP | box wxcot 41 e et cesiry. 4 of J0V1 Bere wese o
wotorwtd it o Q000 woi Brzughod Pa AN Mary mol we bl o
Wibdy X0 r Swod T o setei of Seer 5000 s ol
V200 AN 30t 1 TBO sdger]  Woer el s il be g s
S0t ST e e T T T 0 e il e ] 1
1553 rmier by FOL . Exmon and sdrwstainn o e aneesive e
TG Detwock of ot e becoT § oG corcert
Pme| 14 sectrn of roedvey e st be Srivg W saspetet it et oo fu ey
Habormt Porwst (A1) The toes sactorn ware chemm b3 cxver o vk vanety 5f Fadt dwi, Soows. et
PR Tt OF W ) Ak T e, ey i) ) TR 14 cwriieng 1o A0 sopwety (e X000 The
Papons of Bk Mg A TE WYY U rRaCTon At P RS W ASRTRE 18 sty Mactan
e e

BHme B Fou o Sw 14 roed sechons stove bl rem weleor spregte paoed
Prx s e bevied et o e 01w ceder b sowrre e Mmoo 11 it pesocten

WOped Ix T 20T ey T T s wens Giremed b SO VX AR A 8 oy
FCI0ed MRS Of VINPNG D TN K ORI o X (Waly O SO T of D0 il W Sovwed
Wi Toevng Satace Agrege DGA) " (I3 & 5 FEANDOT aguregme suetemen smgned b scturv
PR CaTIty 1 e S e WSO Ty S 6 rprved xads

b LU

A rawid Arxe ot Tarwrahar * we el o fm whudy 1 ode B oeee &
COMDR] ) TS A e e et
i R
The Ramvetss & & reidt
wTamer Sevwcoed by the Corter b Dot snd Gravee Foed Suces (Cormer) s
consen & OO swrted wwerd 1 30 Twstes oew 8 W0 kngh 3t rest The
Tlarrraset o & remtel owerd i 5 oot & 4 Lrwsth wham rterve by
#3) warute storm bor et v ey

Thee Ftmer sy wies w0 €ty of D P ieess TO0 (] Amd Sopiend &
T Oy Ak A Wt Caoneaedt of R 0T e O The TSR, Wi
G arated of g W W S0 ML Sy et e s e k. Flow s &
Sy s wae L o reguler e aE S ST e Lty vadvrees
fomx %o pach wechony 5 somt The B b s wees o M sach sechan
wiomits mr..nq-mv-vvmmmu—-

W W S vted e of Jampie JoRTs and P Sl semabity
e reyasy pr'd

g " o d— i oty W it o fu— gy V- -
ms-’--m”ml!mmw Thw 87 pound e win guewang fom & et e
P e e Ll
e s b v

.
T by Y A e P 00 SN e e e Fen
- a—

e DA wion sl senimart gummar Sum S et Sofeny, e S g
(W ot T AN, M R T s O Ve

Mg b Wt Pyt

Cowte Boma i Cotvrion Cowy man Wt spmmsrmandy § Mt 8 snter 1 Swmiely s S

T Gty rwsts wws Wi = Suy sy, vy & Hostrgrie Cowrin, et oew - B Cowmy The
A Do St T R O 5T S50 TR Iy N Tt T e S
w1 o iy of oy [T it e, ety p——" — o NP o b
JIE NGl TN e € Ay O e At

e

Tow whert of s wen el on Fw Demen St 7 amngion Coawy ™ sew

D L T e e 14

At - —— T D L L

Tow P00 FES o, 0 3PN WA T 7 B MR S 1 el netetod Ty b e Tou

N T 4 e o e ™. B S it Sl 41 T Sy O S 1T Wad S, b
P

W B e S - e s O R N W S Wt ST B - . -
Ty # e Ve e e e mabenmd by e e

TV 0 5ty ey, Nl gt vinaie 8 T A T b ——

- —— v— — O
T o ot ——" o -~ B
i, . 14— b a0 b e

huiand o S i b d 3¢ W
e R e
Fowst The M 0 W ngre g B
e L ]
prodaten o W M oyae w wie o
NG BB LAIRIN D3

Th demom sodmast s b
P AN oat o rand st o e sty e
5 ponnch o 8 e N modte e
“

Mone s o vt

“SeaA paaly covervl by gans bas ast
it 1 b g
~.¢-¢ are W e’ #hact o soen 20 ¥
44 e chess kO B9 asusst W4
.u.-.,-.m S5 i &

| M CRL T b 823000 B Sechreet (a0t R e FEASE et w
o -
g wd e e o et Wt sn enw e by e G v Bageey e 5T

Pacl i Sedimen Prosusion Aller Uae of Mo Aquressts
Fow o e g P e I P S R e B

."q- wod vtwn 0 & C b Devieg Tarters Agpwors’) The sy phoned phom satens et ..y-

w by IV et GOR twte o hasn b sien Pmmened b S & Soher Tartey” sartees prodie:

et e o BTN ana NN

- OGN W G et W
oo fomow |

o e & e e e b e L
e g e b

- nn‘l_l-;-l—i.i

SITIITET o —




THANK YOU!

Sediment Production from Unpaved Roads in Pennsylvania

Steve Bloser
PSU Center for Dirt and Gravel Roads

www.dirtandqgravelroads.org

Transportation Research Board
April 4/2012
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