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Potential use of GIS in
Hazardous Waste Transportation
Master of Engineering, 2007, Manal Youssef,

Civil Engineer, Ryerson University

Abstract

The objective of this project is to present a literature review of hazardous waste
transportation and the impact on the environment by studying Canada’s regulations
and legislations and examining the potential use of GIS in reducing hazardous waste
transportation. It is hard to find a specific definition for Hazardous Waste since the
hazard could be generated form a wide variety of sources. Therefore, the hazardous
wastes defined according to the Transportation Dangerous Goods Act as those
wastes that due to their nature and quantity are potentially hazardous to the human
health and the environment. Hazardous wastes usually contain explosive, volatile,
toxic, radioactive and flammable materials, and that therefore, requires special
techniques to handle the hazard to avoid creating environmental pollution or health
hazards during packing, transportation, and disposals. The government of Canada
and the environmental experts made tremendous efforts to reduce the potential
hazardous resulted from handling, shipping, treatment and disposal for the
hazardous waste and find out alternatives to control that hazard and avoid any
environmental impact.

This paper also presented and discussed some studies that used to point out the
important role of the GIS in minimizing the impact of potential hazard and reducing

incidents regarding hazardous waste shipments through determination of the short

and safety transportation routes.

iv



23) International and between provincials movements of: hazardoys . wastes
under the legislative authority of the Transportation of Dangerous Goods

i [REEEESOUTEPRECANE
f.Act_ . X '

& STreRs i v,

ey s

This ﬁéper also presented and discussed some studies that used to point out the

v TS U R AP IS LA L
important role of the GIS in minimizing the impact of potgntlal hazard- and
reducing incidents regarding hazardous waste shiprments through'detérmination’

of the short and safety transportation routes. Blade tn U dn U e BTG

Ly o ) t L .
f) PSR M| A I FTOREA (R [EEER SIS R S
R v r
farey e
. -
. 10,20 PR - L
A PN
o A
] Rz 4
. . ( 5 .
. . T 5
phu T T e ey S 2, TSR, PR Ta e
N vt A Ve
R EPNE AR RS A i (AN A
. ) PR H -
oty L ey, (RO LRSI T M / fr it ene
e . By
) T EE A TR RSN S TN re g LN " e !
ot s,
. S YRR T -
I'.ft.. or
P et Py >
1 W b '
3yt en2t )
[ Rt} . ¥ IR i s
D . i, wes oy AR o N
S HNY EENS S N A
A - [ B AU [ FR
iy LR 7} K » att LRE IR AL ARSI IR ¥ 4
. N A
T N
! PR RS ON]

.. I N E oy we g
L T AR AR T -.‘,,.',



Table of Confert ~ ~ * 7 baceno

Declaration ' A ' 11
Acknowledgement i
Abstract e iv-v
Chapter: 1 Introduction . . . .. . 1

1.1.Characteristics of Solid Waste - ... . oo oo 30

1.2 Hazardous Waste Materials T RSP POPRP S

1.3 Characteristics of Hazardous Waste Materials 5
1.3.1 Ignitable 5
1.3.2 Corrosively 5
1.3.3 Reactivity 6

Chapter: 2 Causes and consequences of Hazardous Wastes

2.1 Causes and Consequences of Spills 7
2.2 Causes and Consequences of Fires 7
2.3 Causes and Consequences of Explosion 7
2.3.1 Storage 8
2.3.2 Shipping 9
2.3.3 Treatment 10

CHAPTER: 3 Landfill Disposal 12

3.1Social Issues Related to the Landfills 13
3.2 Sea Disposal 13

3.3 Sewer Disposal 14

vi



3.4 Transportation Modes
3.4.1 Rail Transport
3.4.2 Marine Transport

3.4.3 Air Transport

3.4.4 Highway Transport . ...t o0 50 v fesii s

3.4.5 Pipeline Transport

TIPERTIINTA U TR
AL
B
16

oriet P16
Ser IS S e O

CARMEIN Y

iy

CHAPTER: 4 Regulations and Precautions for, Hazardgus Waste - - .

Transportation

41 Tfa:hsportation of Dangerous Goods Regulations

4.2 Saféty Precautions & Regulations

4.3 chiiic Solvent Spills R TR SR

44 Nfa}or Spill of Corrosive liquids

4.5 Mercury Spills

4.5 Toxic Solid Spill

4.6 Iéiﬁtable or Reactive

4.7 T;gﬁng and maintenance of Equipments

4.8 Manifest System

.. RPN
‘\_5.5'.& e Tyaae

Fhorian e 80

[}

Bheitegg el

1‘ [ o .

. e e
A X REE

i a
PGP EL A AL T 25' -"

Chai;ief: 5 Import and Export of Hazardous Wastes Between ' "~

Canada and USA

5.1 General Obligation of the parties to the Convention (Artlcle 4) R

5.2 Envn'onment Sound Management

5.3 Hazardous Waste Management in Ontano )

vii



5.4 Hazardous Waste Regulations in Ontario IRtV SRR § BB

5.5 Liability Requirements
5.6 Inspection

5.7 Transportation

Chapter: 6 Potential Application of GIS In Transportation =~ : -*::46 * "

6.1 Risk Management

6.2 GIS to minirmize hazardous waste "+ 1 1T

6.3 Case study #1

6.3.1 Study area

6.3.2 Methodology

6.3.3 Conclusion for the study case
6.4 Case study #2

6.4.1 Study area

6.4.2 Methodology

6.4.3 Evaluation of digitized features
6.4.4 Mapping area of high risk

6.4.5 Creation of composite risk map

6.4.6 Result, (findings) I T RIS B PR T

6.5 Cage study #3

6.5.1 Data set and

6.5.2 Methodology

6.5.3 'Identifying road segment types

g P el . N
P A VeagEtie iy e

viii

83T

‘(::,50‘.'.-"".; “

56‘ oo

s '06.9"' s
PO

... 6L,

66

Ciegriane an el OO0
. e
e 1 [ o



6.5.4 Validation method finding & shortcoming

6.6 Case study #4

6.6.1 Si'udy area

:"

6.6 1.1 Methodology and data charactenshcs RN

Y . ) o4

ar‘,‘. pare. P ,,3._:‘,'-,v.‘.;‘_.h..‘._,: ,.“' R

6.6.1.2 Data analysxs

6.6.1.3 Crash Data

6.6.1. 4 Lme of Sight Analysis e g
6.6.15 Field Validation
6.6.16 Findings of the study SR
6.6.1i.7.:—.Shortcoming of the study
Cho;fer: 7 Conclusions pnen
Refogences - "

: AL it e

.
.
A
b
i
e
N
el

“ KRR
bk B
B
3. .
MU
v .
f v
. .
jo o~
AR
[
o
et
[y -

' T
R L

I Y 1
68
eteiey RS
69
R S NI
" '
69
S
72
SR i
72
f. _-,\:“-_"."
73
varaete e e
SlErT
76
YRR AT



List of Figures e e N

T

Figure 3.1 number of hazardous wastes transportation modes used | 21
Figure 4.1 Emergency Response for Hazardous Spillage =~ = 23

Figure 5.1 (Environment Canada 2004) Statistics on Export and Import =~

Hazardous Wastes L 35 | |
Figure 6.1 School locations in Birmingham, AL L _' o 51 N
Figuljg 6.2 Shortest path through the network& zoneé of.i#ﬂtllér;cg : | 53
Figure 6.3 Shortest path through the network& zoneg'pf inglﬁe_;mg i ; 53 | .
Figure 6.4 School impact by shortest path o | ) | " ’ " 53
Figure 6.5 Safest route through the network o H 54
Figure 6.6 Maps of the HOPI reservation S 56 .
Figure 6.7 Different steps for creating composite risk maps S 59 o
Figure 6.8 MCE composite risk maps with normally distributed 61
Figure 6.9 Results of MCE based risk map 62
Figure 6.10 Schematic diagram of methodology of research 69
Figure 6.11 Study are corridor 1A1 Solon Bypass 70
Figure 6.12 Selected 6 intersections and crash location 71
Figure 6.13 Multiple lines of sight at 100 ft interval long the road 72
Figure 6.14 Confirmed and non-confirmed sight line obstructions 74



. N PRI T R T i el * Y - e g PRI . . N . .

R L I S D A INTRODUCTION A R A A R

" v T."' ,. s .:‘_.\ . ‘. “ rer . t_\.“..‘., ‘ ‘ ) ‘:l?-'-“' g .;.'-: .‘_"A ;“;"3:," ;‘ .:‘ o j.;‘!.,,_; ne "‘.;;_*'.,‘:"\,-.‘ ey .“.. -.,,_ )
Waste hazardous materlals can have a negatlve lmpact on the environment and
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the human health lf it is not properly controlled and managed Hazardous waste
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has a signifi cant rmpact on every thrng around mcludes vegetation, water air and
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human health the damage degree based on the tlme of the exposure to the

hazard Hazardous wastes are marnly generated from the mdustnes

RIPIE FE ."&1‘._9(‘.:“',3 y RIS i e ;,f- i s BTN ” :;‘.‘ . »..“v.- a. Tor .. . s :. r
manufactunng, hosprtals agncultures pestrcldes busrness actrvrtles orl spllls
R A R O N R Ao PR ,".t_:i'.:‘.lt T . 3
through transportatlon household s actrvrtres and there are some hazardous
3 ., . Y ,._!. | e o .1.., ...‘l x..,:' B ..: ;
wastes are prohrbrted whrch are regulated under the clean air Act and clean
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water Act The hazardous waste generally contalns on a drfferent substances
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such as metal chemrcal pestlcrdes orgamcs, rnorgamc solrd |Iquld and
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gaseous and sometrmes combrnatlon of some of them but the blggest threat
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comes from the chemrcal wastes evolved from the contamrnated ground water
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Hazardous wastes have the most rmportant potentlal envrronmental |mpact “In
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the past few decades throughout the country, the concem for hazardous waste
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has grown tremendously due to the dangerous that threaten publlc health and
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the envrronment ln response to thrs concem many Ieglslatrves and potentrals
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have desrgnated to control the wastes hazard problems Generators
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transporters and handlers play the most rmportant roles of producrng ;the
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hazardous wastes problems Generator are the rnstltutlons whrch produce the
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wastes whether manufactures or non manufactunng, which known as on site
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wastes hazardous waste management which present 80 - 95 percent of



hazardous waste volume, about<5-20 /percent of hazardous waste are
transported to off site waste ha.z'érdousg :faci_!iltiegs::_.T here are different modes of

transporter waste hazardous (hrghway, rall way, alr water) and each mode has

"y e

RRRIIRCEAN o FEUSERN

|t's own regulatlon and spemf‘ catlons The transporters are responsuble of

aelyly I . A T

transport the hazardous waste from the srte to any commercral facrhty Handlers'
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are a commercral agents mvolved |n the storage treatment and dlsposal process
<~.°’.)-., .

Slttlng hazard waste facrllty |s a very compllcated |ssue and presents a ba3|c'
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el

po||t|ca| and socral drlemma S|tt|ng hazardous waste facrhty is not easy srnce no

body Irkes to have a hazardous waste facullty in hIS or her communlty lt is

.;.,’ L sl ", .t,.

therefore the process of rnstallmg a hazardous waste management faculnty is

IR
.

very hard to achleve a compromlse between the publlc demand for health
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protectron and the nght locatron from the engmeerrng perspectrves (1)

Canada has to meet the mtematlonal’s obhgatlon m terms of |mport and export

hazardous wastes trans bound movements Canada and Umted States have a

'»=~’y ,:»' e, --.-.,,,

common |nterest |n envrronment sustarnablhty to provrde a clean and healthy

TN : : e et I

envrronment Canada |s a party of the Basel Conventron on the control of the

hazardous wastes trans boundary movements through the envrronmental sound
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management The federal and provrncral government cooperated together and
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produced a mamfest system to track wastes from generator to fi nal srte of
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storage treatment and drsposal and ensure that the safety precautlons
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mformatron dellvered to every provmcual throughout the country
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There is some facilities devoted just for hazardous wastes in Canada, such:as::
the Safety kleen Ltd. near Sarnia, in September 1997 its capacity was 7.5 million
tons under the control of Environmental Assessment Act. .The facility, was.
approved wrthout notrfyrng publlc |n 1999 the facrhty temporary prohlbrted due to

some hazardous problems such as ground water contammatron and Ieachlng

The other facrlrty |s Phrlrp Servrce Corporatlon m Stony Creek the facrhty

approved wnthout notlfymg publrc under the control of Envrronmental Assessment

‘( l

PN

Act c It was approved as a non—hazardous |andf II but |t was found that the

N ,,,._'

operator acceptrng hazardous wastes from USA The mmrstry of the Enwronment

L3 4 R N
SRR

decrded to stop the actlvrty |mmed|ately on that |andf Il m 1999 the work started

,,,,,

"’399'“.~!?.t?' M
L1 Charactenstlcs of Sohd Wastes

A. solid wastes not necessary | to be |n a solrd physrcal condrtron rt mrght be in at
semi solid, Ilqurd or even m agas. condmon It |s very drft' cult to determme
whether the manufactunng facrlrty generates a hazard wastes or no, if so the
materjals .have tfo. meet the specrf catlons and the det' nltron of the hazardous

wastes. matenals The proper deﬁnmon to the solrd wastes rs any materrals have

to gothrough the following.. ..., o v

.wnenr ¥ Disposed.of or abandoned in lieu of disposal. ..~ ... .
++..Burned orincinerated or recygled. .. .. .. ... ..
SRS C..onS'deredmherentlywaSt.e beumopntannas e it N st e

If the material is. not solid. wastes it cant be considered be a hazardous .. .
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T



Wastes (2). - =0 o

1.2'Hazardous Wastes Maréﬁals*-* R

Hazardous waste is not acceptable no matter what due to the damage that affect.
the envrronment mcludes vegetatron water alr and human health the amount of;'
damages based on the degree of exposure to the hazard Hazardous wastes are
malnly generated from the mdustnes manufacturmg, hosprtals wastes '
agrrcultures crops and pestrcrdes mrnrng overburden returned to the mine srde '
ﬂy ash waste bottom ash waste slag waste ﬂue gas ‘emission control waste
generated form combustron of coal or fossrl fuels produce crude orl natural gas 3
geothermal energy, oil spills through transportation, solid wastes from the
extraction, beneficiation, minerals, cement kiln dust waste, discarded wood,
business activities, driling fluids, househoid's activities. The Hazardots waistes
generally is comprlsed of different substances “such’ as metal, ¢hemical,’
pestlcrdes organlcs morganrc solrd |Iqud and gaseous and sometimes’
combination of some of them. and there are ‘séme hazardous wastes are
prohrbrted whrch are regulated under the clean air Act, and clean water Act. The
hazardous wastes matenals could be very dangerous due to" the’ physrcal

chemical or biological activities and its consequences. For examples; Ignitable
wastes such as crudé oils and its product could cause ‘fire easily. Corrosive
wastes such as steel or other metal materials colild be véry ‘dangers since it
reacts easily with other wastes and caa‘sé’raét"éﬁdcoﬁramiﬁaﬁbh, added to the

probability of ‘causing injuries from “the “sharp™ édges ‘die ‘'t the ‘rust:and



corrosions.: Chemical wastes. such as:reactive: wastes;. which is.very harmful on
the human life;arid the environment,:it cause  explosions, .or produce toxic gases.
Toxic wastes could be solid or liquid or gas, the dangerous based: on:the degree
of exposure. Explanation; of the hazardous wastes characteristics.in details.as.
following (27):.. oo o w v v e e T s S

1.3 Characteristics of Hazardous Waste Materials-
1.3.1 Ignitability " " T e e
An ignitable waste materials cause fire hazard ‘during shipment, transportation,
treatmeni and sté- The Waste materials considered ignitable if the following
iy Liguid and Has a fiash point less than 140° For'60° ¢ these are
SRR SdErate flammable; and 168§ than —18°°C is éxtremely‘flammable
+"* Not figtid"aid 1§ ‘able under a‘certain'temperature and pressure
i dalse fire through friction, absorption of moisture or, when ignited
s clise Very bad b (2).5 71
1.3.2 Corroswely
A corroswe wastes is capable of deterlorate the contalners damage humian
lssue dlssolve tox1c een';ponents of other wastes The waste materials *” '
conSIdered corroswely If the followmg charactenstlcs exnst |
| o o The waste matenals contam pH less than or equal to2 or greater:

'
SICUPLRRS Sypte guo e edan e

than or equal to 1 2 5



' .4 The waste materials corroding SAE 1020 steel at a rate greater.
*." than 0.25 inches per-year at a temperature of 130 F (2).
1.3.3 Reactivity " "~
A reactive waste materials are ‘chemically ‘unstable;’ it react very quickly:if it
expose to air or mixed with water and also have the ability of liberate toxic gases,
and the ability to explode. Therefore, the reactive wastes require a special
handling and storage. Thé reactive wastes have the following characteristics:* *. '
¢ Unstable and easy to change its characteristics ..; - ... ...+ +
.. # . Quick react with water‘and_ air' .
..+ Sometimes generate potentially explosive mixtures with water .. .
+ Generate toxic gases or vapors which could be very dn_angerods,'_on_
. the human health and have a negative impact on the environment

.. If.exposed-to pH betweep 2 and 12.5, Ait.generate,s,toxic gases or

.. fumes could.cause a negative effect on the environment
.+ - It has tendency.of explosive reaction due to the quick react with the
other wastes especially ‘_if itrteg(posed_to_,vh_igh} telmperatures or
pressures RTINS
Referred to these charactenstlcs there |s a specral reqwrements are requrred
during the storage or transportatron or lmproper |and dlsposal to avond any
problem might cause a tremendous damages to the human l|fe and the
enwronment as well Therefore awareness and a good understandmg of the
wastes characteristic and regulations are very, essentral o get involved in

hazardous wastes process (2).



s st CHAPTER2 Voo et v o
Causes and Consequences of Hazardoiis Wistes

2.1 Causes and Consequences of Spills

oo

+ The spill result in release of flammable liquid of gases could cause’

D S N
" B PR

T fires and éxplosions T T

o T e L e s e te et et e T s ey R
»  Spills fesult In a releasg of toxic liquids could have a bad impacton

R T

. T B I I PP T LN S

ST opill éan Fédch sanitary or stor sewers and calise contaminations’

2.2 Causes and:Consequences - of Fires: .« w0 -z sunowsinng o sdn
o g o Thefire probably ' cause : release: toxicvapor. which-have a bad’
impact on the environment w T e
+ Spreading of the fire:could ‘ignite-other materials and spread the fire

to other off site areas and increase environmental damages
o onic e By using < water: oft ‘water: and ~chemical:: fire: icould cause

contaminated migration i wsintis iy G g

2.3 Causes and Consequences of Explosions

¢ The explosions_could release. of toxic. materials. and affect the
Iy humanhealth SR SRR IR AR R F R AL I T R UM SUCIPIE 'S

¢ The explosions could release flying materials or shock waves could

be very dangerous and.cause humandeath . . . ..



¢ The explosion could ‘ignite" 6ther hazardous materials and cause more

_damages, which is going to be hard to control (27). . ..

2.3.1 Storage
Environmental issues and health hazard can be generated during the storége of
hazardous :,’wasje,_r‘:Fa_rticul'agly‘;,‘t__he‘.. chem_ic;a_l _wastes, proper. storage is very
important to ensure safety. Thems";orage:mu,st be subjected to Asa‘fe}ty precaution.
Storage faqiliti{esn:;r:lzavg tp bevguided be,t,he“federal‘ and fprqvin.gial_ gove(rnment, the
guidelines include regulations and conditions have to be followed.‘ Fof example,
tanks or containers must be labeled-or marked-clearly-and. show the:sign’of.
hazardous‘Wastés:words. -Generators ‘'who -accumulate wastes they must have
the following on site
- -« Alarm system-and internal communication on site: - - -~
- Fire extinguishers™ .- ' .-
"¢ Telephone or two way radio at the scene of operations capable of
contact somebody outside the site -+~ .- r e
+ Fire control equipments such as foam, inert gas, or dry chemicals
or any extinguisii{ matenals S e
"+ Spill coritrol equipment and regulations
+ Water at adequate pressure to help during fires or Sprinkler system
"+ Special protective clothing and gloves

+ Decontamination equipments (2). - 7
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The Transportation of Dangerous Goods legislate ‘fegulations 16" ‘control”
hazardous “waste ‘transportation by classifyifig" the-hazardous with réspect the
harm of the materials;“and the-documeiits shotild'be éarried with Waste shipment
and the safety precautions that rieedéd in ‘case ‘of emergency. The regulations
afe sameé ‘fi“all Canada, “even ‘though' theré dré' sofme considerablé-changes
between the provinces. The generators of hazardous Wastés have too meet their
obligation§ tihderthé “local ‘jurisdictions régulatory ‘of ‘hazardous Wastes®in the
way of ‘Shipping ‘hazardots. Wastes ‘onsite. The' fedéral govémnient-in"Canada’
had isde a fremendous’ effort:of enactment of the Trarisportation Dangerous:
Goods At This"act Mainly ‘applies ‘onthe hazard-wastes: The Act includes
pioliibition - 6f! ‘transportation  of “dangerous ' gobds™ by any iood" of “the-
transportation ‘unléss they ‘meet "all the' Tequiremiénts” and the' safety’ standard::
The wasies sHould ‘placedin Gontainers iias standard specification-as following.*

First, the date should be clearly written in each container for mspectlon Second

,.‘.,,c.) ;"r'-'
HE ISR AR oot g0t

each container has to be labeled to show the text of hazardous waste Third,

ant T Govaanns odt apinnn st g lesenl et it iy e Frnownatnaa e viia s oG0S

generators comply wrth the reqmrements of the treatments storages
.1 . s . e o pn ey i

o “ Y Nted :,.;;',; R PTERE Al . fx) ¢ (,;f,:u e -( v ,.:,;f;: g . ”” v

transportatrons and dlsposals Fourth contamers uses for holdmg hazardous

e
l". i l"’"‘ o \,. N T i o
RS PR PR R Ve ' b WL e .:g , o, ' S0 n‘ T ( ,"( ;“:-\v

wastes have to be in very good condltlor\s to preve t ieak especrally for

.-2,, o r ‘.‘_

“'t\v'l .'1'*» "lt“ -.;:z.\ .;-;4‘ ;‘\\l B ‘ ‘«. oo (
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accumulated wastes that stay on site for Iong time. Frfth~ the contamers should
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be‘m good condltrons to stand the ha'nd'lrnfg ahd shr‘porhg and the Iong travel
drstance | Packmg ha'sgto be a‘c’c‘:ord;hg. to \the‘? sp‘ecrt"ca:t‘ro'n to‘ “av'a'.d' ahy '.Ieat(!'or
b et o weest Yoo igtee i Y et ,, oo f:}’ ..\.-,,:_:4;'.,-‘ bt it it eyd e
causmg problem during the tnps There are four packrhg g;roup Ievets used in the
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Transportation Danger Goods and that based on the degree.of;the: hazard:

involved in the wastes as following:

IR

...">: Level |- for very dangerous-wastes.and used a highest packing level. .....-. ...
> Level: |l for.dangerous and used.medium-packaging level ... ... ..: t. o
o Plevel .""f°"-.m°d?fate;da.nggrous;andeu.sed a lowest packing level. ...: ...

: . properties of the wastes (4)- ;.- . oy o
The used: containers. have to be. closed during the starage time.it..In two cases,
first;.if-the container.contains a flammable .materials, the. emerging vapor:might.
cause;a-fire.-Second,.open container.will-be subjected to spill during.movement..
The. only time allowed :to.he: open is.during storage or. adding.and-removing, the-
wastes. For:waste:materials such as:acids .and; caustics require plastic, drums,.

steel-drums with liners .or.drums - of stainless steel..Using funnels, are often. used.

to-minimize lpsses when filling containers,with liquid wastes; to prevent spills, ...+

,-, R PRTIRLATS R Oy LS PTRIE ALPE S TL RO g - TR P

2 3.3 Treatment N N
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The mam objectrve of the waste hazard treatment is reducrng the volume of the
wastes Accordmgly, reduce the hazard onthe envrronm'entat and ’on.u health as
welI Treatment could be.chemlcal physrcal‘ bllologlcal or.ther‘mal" 't'he physrcal
STTEAS g, il I FRREE BT st e e Ry
treatm_e_nt used to separate the solrd materlals from the Irqurd through‘ some

technrques The chemrcal treatment |s used to reduce a vapor solrd steam

L ‘
SRR "\—-» »_». ,~.‘1 \ .‘

solvents and oxrdatlon to reduce some component Blologlcal treatment used |n

LRy en r,,a P .
.u.,... Leme i i ‘ .l .‘--‘, el s “ !..., nnel v ¢“_-‘.\.'-\,c: ,‘

order to dlsaggregate the blologrcal objects Therrnal treatment mvolves heat to

'- e tenne e i X

increase vaponzatlon or oxrdatlon Furthermore there is a potentral of gas
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generation and migration as a result of the“chemical reaction and microbial

decomposition of the waste o_rgani_g mate'ri‘el_s%,t_ha;t significantly has a negative

envrronment and |t should be properly treated Selectlon of effectlve treatment

e e .\..

method for Ieachate is pnmary based on the cost and the nature of the Ieachate

1: e s b

N

The optlmum method used for Ieachate treatment |s mcmeratron through

v

actlvated carbon adsorptron and aeroblc and' anaerobrc blologrcal treatment
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"CHAPTER 3

naﬁafiﬁmspasar e
Tradrtlonally Iandf II is one of the ‘main methods of dlsposal used for tréated or
untreated wastes Several elements must be constdered in order to choose a
place for mstallrng Iandf II such as Iand topographlc geologrc hydrogeology,'
chmatologlcally and populatron densuty and a synthetlc or sorl based Ilner has to
be lnstalled in order to prevent mrgratron and Ieachate collectrons of hazardous
waste, removal system is required. Landfill site has to meet a certain
specifications to be environmentally satisfactory. For example, the groundwater
surface level has to be away from the landfill to avoid contamination, also
considering leachate migration. In other words, water surface run off from the site
must be prevented from reaching ground water supplies. There are specific
regulations and safety precautions must exist in the hazardous wastes facility to
ensure adequate storage, the facility should be cool, dry and well ventilated area.
Leaks is the biggest obstacles facing the below ground landfills even with all
technology available, leaks leads to a accumulation of contaminated leachate
with hazardous wastes and eventually penetrate the liners and reach the
groundwater. To prevent leakage, the facility has to be dry and the best way of
that are the aboveground landfills since the landfill contains on aboveground
leachate collection landfill, a drain system consisting of stable aggregates
connected with a proper system of collection pipes and the base must be
overlain by a low permeability liner system. This design approved an efficiency of

preventing leaks, eliminating the driving force behind the migration of

12



contaminants due to-the.immediate remove by gravitational drainage, if there is'a
leachate .the ‘cover:is often.-expose :to: breach ‘so,:it. indicates: on :the: 'system-
integrity. The:problemy with:the aboveground.landfill:is the potential of erosion: of:

the topsoil coverdue to the slope on the aboveground landfill and the run off. .-

3.1 Social issues related to the landfills Broengesi wvean U

Installing landfill present a big issue; is very difficult people to accept the'idea-of
constriicting’ landfill in their community due 16 the nuisances such as dust; odour,’
noise’ and- visual-intrusion: In"addition to’the landfill traffic can ‘disturb :people
properties and it is not good to’be ‘closé to any' recreational or any community
services. Therefore, the nature, the value, and extent of the communrty w1|| be

affected However mcreasmg publlc opposrtron to the srttrng of such facrlrtres In

both Canada and USA has brought socral |ssues In other words the socral

......
C o SR

solve the socral |ssues has the pnonty of consrderatron ’

5".

There are some other methods of dlsposal used for specral hazardous wastes

PN e
G N -“,, P N

such as radloactlve wastes as followrng

3.2 Se'a:Digpégﬂzzf~‘~;,'..;._.=-‘ B Pegmeerens Dol il LA iV mae poariannn
The 'fadioadtive materials ‘s Widely “used ‘iri” medicine and-industry,-and-it'is
apparenit” that ‘fiiclear “industry“poteniially “-produce’ "a-huge .-amount :-of
b"dn'téﬁwifr'ié't'éd""raidibac“tive'*t‘néteriars;f- it-is‘also apparent that the radioactive is the
most danigerous “and ‘undesirable’ Wastes. 'Researchers’ found - that ‘the - most

convenierit and inexperisive way of disposal the radioactive- wastes is.into'the

13



sea waster. Many-studies have shown that, for a small-amount’ of radioactive
materials: dissolved in a huge amount of water, the wastes will-be diluted and the:
effect will: dramatically reduced. In-spite of, these good results a lot of ‘objection

and issues generated from both political and environmental aspects.

3.3 Sewer disposal

The large-a mount of water.carried by the sewers p'[ovjdesagoo_d dilution of the
hazardous wastes. Thereby, the danger will be eliminated.. However, In spite of
these good results this way also not widely -used since once the radioactive.

materials entered the sewers, they lost controloniit. = ...

3 4 Transportatton Modes ; ) i

The federal govemment |n Canada has made a tremendous effort of enactment
of the Transportatlon Dangerous Goods Act ThIS act mamly applles on the
hazard wastes. The Act mcludes prohlbltlon of transportatlon of dangerous goods
by any mood of the transportatlon unless they meet aII the reqwrements and
standards for safety The main objectlve of the Act is to achleve the umfonmty of
legislation across Canada and mtemahonally to control the transportatlon of
hazardous wastes. The Act has a list comprised of hazard: Goods includes a
miscellaneous class of hazardous products, substances and some dangerous
organisms. Each province applies the regulations in such.a way thatvmatch_‘zvgith
its own system. For instance, the regulations for.waste disposal. facilities. will be
left to the provinces. to. control it: For example,. In Ontario, the Environmental

Protection Act, controls. the. industrial wastes. transportation throughout the
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province.. It provides forms must::be- filled: out. from' shippers, carriers..and.
receivers. However; all.the regulations for.the ‘hazardous: wastes transportation.
controlled. and legislated ‘under the federal government. There-is a-tremendous:
focus on:drivers training, to increase the:awareness of the:environmental impact..
Selecting a ‘transportation mode -essentially: based: on the:consideration: of: the:
relative cost and risks of all alternatives transportation modes: Transportation .of .
Dangerous Goods Act sets out requirements to control the hazardous wastes

transportatlon and provrdes remedy tools in case of any mcrdents occur

341 Rall TransPOrt ISR S B I PR Pl DRI EE AR AL ASR S At S E NS IP A S

. '
,,,,,,,,,

Requrrements for the transportatlon of hazardous wastes by ra|l in Canada and
USA have to follow the regulatrons known as Red Book whlch establlshed by the‘

CTC through the Rarlway Transport Commrttee thrs book mcludes all the safety'

4

requrrements and standards the classrf' catron of all dangerous goods andl

\,..~

cargo shlppers must t' |l |t out and also forms for report accrdents such as

mcrdents leakages etc

fen PR e . . T T T e T PSRRI PR

( Bid
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3 4 2 Marme Transport |

Requrrements and regulatlons for transportatlon hazard waste by water are

'8 x

establlshed through lnternatlonal Manne Orgamzatron (IMO) under the federal

her bee gy
(et

government. The regulations known as dangerous goods shipping regulatlons

which include, packages, carrying, Marking and inspections of dangerous goods
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on ships, storing. Waste hazard transportation by marine shipment involve a very
large quantities .of hazard in-a small number of trips and-that due to the large
capacity of the tanks used, the capacity:ranged from 30,000 to:600,000:gallons.
Some ‘studies have shown that-marine -transportation doesn't appear. to be:
feasible for -hazardous wastes transportation because it is costly:compared with
other alternatives modes." . =" .t

3.4.3 Air Transport |

Hazard waste transported by air is very small an'd‘ limited since it is very
expensive compared to the other modes. In addition to the pnce penalty for extra
handlrng that requrred for Ioadrng and unloadrng Obvrously, some waste hazardl
matenals are not allowed to transport by air such ﬂammable matenals |rr|tants
and corrosrve materlals A|r transportatron is attractrve only for some sensrtrve
|tems nonnally shrpped m a small quantrtnes The hazardous wastes have to'
meet all the requrrements and provrsrons of the Unrted Natrons Commrttee of
Experts on the Transport of Dangerous Goods and the lnternatlonal Atomlc»
Energy Agencys regulations for the safe Transport of Radroactlve Materlals

hazard waste transported materials have to meet all the requrrements

regulations and standards of the International Air Transport Assocratron As a
result of these regulatrons and the pnce studres have shown that the air
transportatlon mode rs not consldered as a good optron for hazardous wastes

transportatlon
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3.4.4 High way Transport
Reqmrements of hazard waste transported by hlghway have to meet the 49 code

‘vu’-"‘( 's, \.~

of Federal Motor Carrier Safety Reéutatlons, State and Iocal iaws the cargo
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3.4,5Pipe1ineTransp0rt sadersiion wld om0l ol on pinnenard
Itiis oftencused if:USA:to transport crude-oil or-other-row materials; but:not much:
for-hazard Waste; becausersimplyitis'hot e¢oriomical.or:practical: Studies-have:
Shown ! thaf: theré:is: a ifajor attractioni:of: pipeline ‘transpartation:hecause: the:

l6Wer risk of spills'compared:toithe ‘other:mode:such;as truck.ortrain., /i
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Regulatlons and I’recautmtts for Hazax:dous Wastes Trensportattolt |
The, federal govemnment. provides. a.f.-.,fr..?m?w&r.!fs,.I%;1“?:-1;“%95(!94?:.; wastes,
management.regulations F!@@!».;B'QP?;E:P!?!‘-E!i.’!S.-".;‘.;;9..’99!-.'(9;;?,‘5!'?5:’.!%-Dﬁz?:!ﬁz-;ﬂﬁﬁt.‘%%:
problems js.very essential, The regulation of wastes, P‘?.g,‘.!.-‘a?'..ff?xﬁ:;.ge;nsa,rasief!-,..af."?--‘
covers transportation, and continues to the wastestreatmentandd|sposa||t|s
required from all parties include generator, drivers, operators of the storages,
treatments and disposals to have a better understanding 16 the regilations and-
safety precautions::For-example;; ‘drivers:- have: to: :be :well . prepared::and
knowledgeable: with- OSHA:-29 -CFR~1910:120 -Hazardous.-Waste -Operations:
Méalth: & : Safety  Training- Program: and:-be:familiar -with: HazMat, D.O:T., and:
Security Awareness.training.' »Drivers «:also’: have :to::be.;conversant. with.:the:
requirements and regulations for handling, storing, manifesting, transporting,
labeling, treating and disposing of hazardous waste. Drivers should know use the
toxicity characteristics Ieachlng procedure to ldentlfy ‘hazardous waste. It is very
vital, if the initial spill controlled and treated in the earlier stages before losing
control, otherwise the eﬁect continues as the hazardous waste enters the air or
groundwater and the damage will spread to the surroundmg areas and it will be
very hard to control it. Chemical spill problem requires an effective plan of spill
control to |dent|fy a control procedure |n order to reduce the degree of the
hazard. By |dent|fy|ng the pnncu‘)alw cause of the chemlcal spnll at the

manufactures and transportation site is very important to control and reduce the

hazard effect. Emergency report plays an important key role in the hazard waste
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transpoitation‘process, Incident;:spill, -or. leak: occur.must be reported in order to
notify the rescue:teamincludes:the fire department, local and provincial police or
RCMP detachments can provide immediate -assistance. In order to facilitate
emergency response measures, carriers must keep-the. documents. that. contain
waybills, invoices that listed the materials:involved; :united nation serial number,

emergency.response number. v e et et

4.1 Transportation of Dangerous Goods Rggglqﬁo#s
The Transportation of Dangerous Goods Regulations are divided into 13 parts as
foowing (Transport of Hazardous Wastes Manua)
¢+ Part 1 contains,_ definitions of. the_specialized terms used in the
AT AR F?Q“'?t?9-'?§: AUED e SO0 v Uy Rlanl
.1s4 Part 2 contains. information. about, how. and when the regulations
2% st -Should be applied, and provide exemption o that regulations
-t %o, Part 3. contain, information .about, the, . classifications of the
+ o - edangerous: goods,. There. are 9 classes, of dangerous goods as
et ets o TONOWING v v i nins a1
2 Class 1 explosives materials include substances .,
| i. Substances with.a mass. explosion hazard

Sstes snise rh roondls -Substances,with a fragment projection hazard, but not

a mass explosion hazard. ... ... ..

. B PO Y
EYE P R R S SR A A

RN

e e ety -SuUbstances, that have a fire hazard along with either a

e ene e ed oy e tha [
o P VeohT s feat NERE

..minor blast hazard or both, but not a mass explosion

hazard
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. iv." - Substances-that represent no significant hazard: - -
.+ s “Very  insensitive. substances;:-although with -a: mass:
- explosion hazard as ini..
> Class 2 for.gases include -
“i. . Flammable gases : = .
ii. Non flammable, non toxic, non-corrosive gases . =~ - -
ii. Poisonous gases

iv. Corrosive gases

B

> Class 3 Flammabie Liquids =
i.  Liquids with a closed cup flash point of less than'=18° C.
' These are extremely flammable .
i. Liquids with a closed cup flash point of not less than —
' 185C, but less than 23° C, theseé aré very flammable
T Liquids with a elosed cup flash point not less than 23°C,
““put less than 37.8°C. For international air trahsport, the
" flashpoint is not less than 23° C’ biit less-than 60.5° C.
For waste and international mariné transport, the flash
point is not iéss than 23° G, but less than 61°°C, these
" are moderate flammable’
s Class 4 Flammable Solids; Substances ‘that on contact with water emit
flammable gases include ™ "F T

1. " "“Solids ‘which under normal circumstances are readily

" “ignitablé “and" bum persistently, or which cause or

e
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... :contribute-to-fire, .through friction or from heat retained
from manufacturing or, processing .
- +ji.. - - Substances -liable . to::spontaneous-: combustion:. under
.-+ normal: conditions : of -transport,; or; when in contact with
air are lizble t6 spontaneous: heating to.the: point'where
they ignite LI L e e T T
L i .- Substances which;, on contact with water, emit dangerous
- quantities 'of flammable:-gases, or-become spontaneously
combustible on contact:with .water-or water vapor
> Class 5 Oxidizing Substances-and:Organic Peroxides
i, Substances: that cause or contribtite to.the combustion of
- .other. ' material - ‘by - yielding:: - oxygen or oxidizing
-’ substances, :: whether-: or.-not:"the substance itself is
cenecombustibless sl e et e s
~ii, :» Organic compounds:that.contain the bivalent “O-0”
» Class 6 Poisonous Substances and Infectious Substances.: :
ot nel ;oG Solids | or liquids. that: are poisonous ;through vapor
inhalation,-by. skin-contact;.or by.ingestion...:
oo s Organisms. that .are,reasonably-believed to.be infectious
i ooto-humans or animals,-and the;toxins or such organisms.
.+: »=-Class 7-Radioactive Materials - o
ST S, ...Comprise. radioactive materials with activity greater than

74 KBg/kg within the .meaning of the Atomic Energy
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- Control Act. Radioactive materials are classified by the
atomic.energy control board - -+ .
. > Class 8 Corrosive Substances that cause visible \necrosis of the skin, or
" . “that corrode steel .or non clad aluminum, or. are  wastes that have a pH
factors:-less than 2 or greaterthan 12.5: ..~ . ..~
> Class 9 Miscellaneous Substances
ii. . Substances or products:that present sufficient danger to
.. ~warrant - regulation;. “but . that -cannot be assigned to
- -anotherclass: .. v e
iii. ~-Environmentally hazardous substances: -~ = =z . 7
iv. --Wastes -that :present: sufficient danger to warrant
. ».regulation, but that cannot be assigned to any other class
~(Transport of Hazardous-Wastes-Manual)
¢ Part 4 shows the documents that the generator and the receivers
"I should ‘use’-during: the process - of.;::;h'andling, shipping and
transportation <.l Lt
o 'Part’5 describes the'precaution includes safety signs and symbols
that st be placed onthe containers::# "
' & Part 6:and 7 describe 'safety standards and requirements
s "Part 8 and‘9'describé’the 'government responsibilities under the
Transportation Dangerous Goods ‘Act-‘and" regulations "include
"% procedures to 'stop’ the' transportation” dangerous goods, and

" performing inspections
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¢ There are also 12 schedules containing regulations, lists of
specifications for the hazardous wastes and information about the

methods should‘used on test the materials.

4.2 Safety Precautions & regulations

4.2.1 Toxic Solvent Spills
¢ In case of major spills of hazardous materials that produces toxic

..._fumes, the area should.be cleared until the ambient air changes
+ Provide sufficient ventilation or breathing equipments, sand could

be good since it can absorb the spill

4 2. 2 Ma] or Splll of Corroswe L1qu1ds
. The amblent area should be ﬂooded wrth water to dilute waste
matenals concentratlon v
+ Dilute or neutrallze quunds cbuld be absorbed by‘ paper or solid
o absorbent et ,

¢ Acids could be neutralrzed after dllutlon wnth a weak base or vise

versa
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Figure 4.1 Emergency Response for Hazard Spill Liquid (Transport of Hazardous Wastes

Manual)

4.2.3 Mercury Spills

¢ Mercury should be cleaned up by suction through mercury
collector, mercury sponge or vacuum flask

¢ Contaminated area should be powdered with sulfur or flowers and
provide a good ventilation to the area

¢ In the following day the sulfide or the flower should be disposed of

4.2.4 Toxic Solid Spill

¢ In case the solid in a powder form, breathing equipment should be
used and rubber gloves for the cleaning up

¢ The waste material from the cleaning up should be disposed of
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4.4 Manifest SyStem sl vt et etia
Thé transportation’ of: hazardous: wastes has 't go: through :a:.certainregulations

to-enstife: the full environmental ccontrol-and: safety:: The- purpose of the waste



manifest is to provide a very detailed record and tracking-of the waste;,from-the.

beginning to the end. These. regulations Jegislated by the government with the

help of environmental experts. These regulations.put it in forms called manifest.

Manifest track hazardous wastes from the beginning of the process to the end to

ensure safe delivery, the manifest serves both. shipping documents and tracking

documents and include the following information: . .~~~

e ‘f.;
e el

LR P ".’.‘- o

Generator's pame, address, phone number
T L e T T S N e e e Y
Name and the identification of the driver . .

Name of the facility and the Jocation. . .. . .

NS

. Description of the types, quantities and the no.of containers
~Generators have to provide documents, that the. wastes are in a

.+ =2 [900d. condition. for transportation. and. the appropriate method of

treatment, storage and disposal

The generator complete and srgn the manlfest and dlstnbuted as followmg

¢

e .‘. B
ti Lty

Copy to the deS|gnated authonty |n the province, if the movement is

.
v _!,..,,.. .,; SR } .(;f ‘ft.,r‘{

o

B |n the same provrnce the generator should send a copy to the

-t o 3
ISETAEAE ML I 7
E R .__,’4

Envuronment Canada for lntematlonal shlpments

(ST I

'Four coples should glven to the transporter wrth the shupment

N
' e

,The generator should keep a copy wrth hlm for at least two years

The transporter fill out section B and ensure that the manifest be

S T o P B A UL

with him all the trip time et fantiion s Ll

“Theé consignee:should sign-the:four: copies after. receiving them and

¢ *, complete’séction: C,-he-should-keep-a: copy for himself, and give.a
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copy to the transporter:and one copy to the proper authority and the

NTERY last one.to the consngnor. et e el D .
S AN sl e NSRS L EE I R A RN WY el A LY :
By these mandatory rules the government wvlln be able to control the movementz_‘
of the hazardous wastes and offences are gomg to be pumshable by the law the )

offences could be subjected to fines or |mpr|sonment o
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. - .CHAPTERS5 * i+

Import and Export of Hazardous wastes ‘between Canadi and USA
There were many advantages resulted from the cooperatlon of both countnes .
Canada and USA related to the broader authontles for the export and |mport of"
hazardous waste such as |mproved enwronmental protectlon regulatlons Act
meeting Canada’s international obligations and develop Environmental Sound
Management. The aim of ESM is to make sure that the hazardous wastes
managed controlled in a proper way to protect the environment and human
health. Canada involved in three international agreements regarding to trans

boundary movements of hazardous waste materials as following:

1) Basel Convention on the Control of Trans boundary Movements of Hazardous

Wastes and the disposal, 1989.

2) Canada and USA agreement concerning the Trans boundary Movements of

Hazardous Wastes, 1986 and amended in 1992.

3) OECD (Organization for Economic Cooperation and Development) Decision of
Council Concerning the Control of trans boundary Movements of Hazardous
Wastes destined for recovery operations, 1993 and amended and replaced by C

(2001)/107/Final.

The primary objective of The Basel Convention is minimizing the hazardous
wastes production to enhance environmental sound management and protect the

public health. The Basel Convention was comprehensive agreement includes
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116 nations in.11987, Canada and USA signed this agreement.in 1992. The Basel
Convention: produced ‘twenty-nine::articles and :six -annexes -that ‘include- every:
thing related to the trans boundary movement -of ‘hazardous.:wastes. : The:

agreement sets out the regulatlons and the cond|t|ons for the export and import

AR e ~,.\t N
o &

of hazardous wastes The agreement controls the trans boundary movements of

i - ,.A,:

hazardous wastes Before settmg down any mtematlonal rules or regulatlons a
el e

definition of hazardous waste matenals have to be ldentlt' ed and classrf ed first.
Due to the drff cultres to reach an exact def n|t|on of hazardous wastes matenals
therefore, |t was a consensus that the Umted Natrons Envrronment Program will
come up with the ‘exact definition, "T;h:e"airﬁ’”of:thi's:"agr'eernent' conforms the
fundamental pnncrpalsandregulatrons {6 cantrol the trans boundary movement

.....

of hazardous wastés fr'o'm" the ‘origins to the destinations as following: ’

1) Both counties manage their.wastes under its own regulations, within s own
jurisdiction. For example, in Canada, the federal government has the authority to
manage and control her hazardous wastes, under is roguiations, and regulates
the trans boundary movements of hazardous wastes. In other words, it controls
6 expart ‘and irpoit from and int Canada as'well'as contrdls’ the mdvements
batwedi HS provinces THE expartsr must fil Gut the form which indiates thé
e ithrdnce Rumber provided by’ exportér authdrity ‘aid that ‘has'to’ be

Rttt

prior to the transportation of the hazardous wastes, " R A

rrrr
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2) -Exports and 'imports -allowed: onlyto the countries. that are parties in this
agreement, the country:that export wastes should notify the other.country'a:head
of time with a note include the following:
o fhe name of authorraed career and authorrzed facrlrty |
‘ .o‘:.Type of the used contalner for example boxes tanks or etc .'
. 0 Determrne the method of recyclrng, treatment storage or drsposat
0 The name of transporter and the mode of transportatron
L. The quantrty in krlograms or Irters of the hazardous wastes L " "
2 :The port of exrt through whrch the export wrll take place 3 .
...+ The cystQms,qffqe, at which the hazardous wastes . .
+ The notice has to be send i the language tha are used i the
import country in addition to another copy of English | |
"4 “The refersnce Rumber provided by the Minister ™ * 7
s “The name, civic, mailing and electronic addresses ‘ad telephoné of

" the perssri wiho shoild bé contacted i case of problem’ © 7

For..instance, . Transport Canada and.Environment Canada must receive the
notification form, 60 days in advance from the generator in»or\out;_panadawfor,{att
wastes, and 30 days in advance or the first between the, provinces, and 7::9'»?3/?;‘5‘{
advance of subsequent shipments of. PCB.waste iout:‘of:and tntoga‘n_‘ad_a (Wa_ste

Hazardous Transport Manual).

3) Exporting country must permit return of any hazardous waste that

the importing country rejects it. In the case of hazardous wastes
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. .. ::-materials notaccepted for some reasons from the-authorized imported-
.«...-facility :within: five 'business" days, -the ‘importer - have - to: notify- the:-
exporter and the authorities of that country as soon as possible. :If-

.there no respond for 90 days there are two optrons have to be done
whether to make arrangements to dlspose the hazardous wastes or toi

| retum the hazardous wastes back to the exporter where |t |s |ssued o

] 4) Both countnes should cooperate to achreve the rmplementatron of the
| Basel agreement and ensure the full control management on the'
hazardouswastes o T

B L P
P L e o
B “

FREEEE R

5.1 Genéral Obligations of the Parties to'the Basel Convention (31) -~

1. (a) Parties exercising their rights to prohibit the import of hazardous wastes or
other wastes for disposal shall inform the other parties of their decision pursuant
toArtrcle13 il ULt s R P S

. .(b). Partres shall prohlbrt or shall not pemtrt the export of hazardous wastes
and. the other wastes to the partres whrch have prohrbrted the lmport of such

wastes, when notified pursuant to subparagraph aho_ye S |

(c) Partres shall prohtbrt or shall not permlt the export of hazardous wastes
and other wastes rf the State of rmport does not consent m wntmg to the specrf ic
rmport in. the case where that State of |mport rn the case where that State of

import of rmport not prohrbrted the rmport of such waste o o

2. Each party shall take the appropriate measures to:
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a) Ensure that the generation of hazardous wastes and:other wastes- within it is
reduced to a minimum, taking into account-social technological and economic

b) Ensure the avarlabrllty of adequate drsposal faCIlltles kfor the envrronmentally
sound management of hazardous wastes and other wastes that shall be located
to the extent possrble wrth |t whatever the place of thelr drsposal |

c) Ensure that persons rnvolved |n the manag‘er.ne.nt of‘ha.zardous wastes or
other wastes wrthln it take such steps as are necessary to prevent pollutron due
to hazardous wastes and other wastes arising form such management and if
such’ pollution:occurs, to minimize ‘the consequences: thereof for human health-

and the envnronment o

d) Ensure that the Tran boundary movement of hazardous wastes and other'
wastes is reduced to the minimum consistent with the envnronmentally sound and:
eff crent management of such wastes and is conducted in a manner whlch will
protect human health and the envrronment agalnst the ‘adversé effects ‘which

may result from such movement

e) Not allow the export of hazardous wastes or other wastes to a State or group
of States belonglng to an economlc and or polntlcal rntegratron organrzatlon that
are partles partlcularly developlng countnes whrch have prohlblted by their

legislation all imports, or if it"has reason to believe that the wastes in ‘questron ‘will
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not be:managed:in:an:environmentally’sound manner: according to:criteria: to'be-

decided on by the parties at their first meeting v <00 Galini L e giagnas

f): :Require: ‘that: information: about :a :proposed -trans: boundary:-movement of-
hazardous wastés “and: :other.. wastes be: pravided: to: the: States .concerned:
according to Annex VA, to state clearly:the effects of the-proposed:movement:on-

human health and the environment.

I T SR ‘,,,.._.,‘v,"..,:j_‘. .
RS EET B SN A S LR

g) Prevent the import of hazardous wastes and other wastes if it has reason to

i‘,. r\ N \' }"':4__""‘ [N .,. 7.‘ '; '.,.‘; ,‘:.-x..‘ AN g;‘~. S “, ‘.!,‘. ( x ! R
belleve that the wastes in questlon will not be managed in an envuronmentally
Shegr teniiean v iy ERRE IR I .:“:~'.‘;x:.'~',.r‘x.. ,',";.‘5}_\:: LOA ewD i, D

sound manner

h) Gooperate:in activities with-other: parties:_and.iinte_rested':or,ganizati,ons:.directly
and: through 'the~secretariat;: including the-dissemination. of information-on the
trans : boundary ' movement::of thazardous: wastes ‘and::other: wastes;: in..order to

improve the-erivironmentally:sourid-management:of such wastes ‘and:ta-achieve

tﬁe’ﬁre’Véritibﬁ of illegalitraffic vy tuoiio Lo b it LRI RSP TR

'.l ,.,a. [ ‘..-'-.- VL e 3 S
' '.;,,'”‘uri TS AL TIORGSAR r,;.‘..ﬁ., vt ;_, 4..:',:‘..<‘.:_,~‘,.. ”...‘~ SIREN 1 2 3

3) The partles conSIder that |l|egal traff icin hazardous wastes or other wastes is

IR TN SR ARARES L ER I . P
B T LR e SO SUEVRILO T SRR
R [ R AR
iy e el twenir Tysremenntt bermen resilendtU rusleneiog 3 R b : .
R T S D O R B R R o R N LA S SRS A TS eSS IS ;..: PN P I
. & noeT ey . T N A B RS

4) Each pa’ﬁv?shallf—take:appropriatee-legal;:ad'ministrativ'e and-other:measures to
ir'npleiﬁeht?and"enforc’eiithe“’provisiOns--'of. this:convention;.including.measures to
breviént-and punish conduct in‘contravention-of the convention: -:x.:xive

MTEY PRIEEE NI Bt gt gk e d ot e n il e Tl atede et
S REMWIS AN e T T LR Y M DT RS
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5) A:party-shall'not permit hazardous wastes:at other wastes.to be:exported to a

non-party or to be imported form an non-party " el s

6) The parties:agree not to-allow the export of hazardous-wastes or.other. wastes®

for-disposal within the: areas :south: of- the 60% latitudes, whether: or ‘not such

wastes:are subject to trans boundary'movement : ..

7) Furthermore, each party shall:

a)

N o . R T e PN et

Prohlblt aII persons under |ts natronal Junsdlctlon from transportmg“

) s A ‘\ _'\’ Ht] 1 s ,'*» .

movement be packaged |abe|ed and transported in conforrmty wuthl

v ,.qv»— .

generally accepted and recognized international rules and standards |nA

o7 the field: of :packaging: labeling,:and: transport; and . that. due:account: is

© taken: of 'relevant: internationally recognized.international - rules:: and.

- "standards in-the field of packaging: labeling, -and-transport,-and. that-due:

i rtiaccount is taken orrelévantinternationally recognized practices:: '« o

b)

Require that hazardous wastes and other wastes:that:are to be:the subject:

of a trans boundary movement be packaged Iabeled and transported in

L. ...,\ ...-t.. SRS RS N

conformlty wrth generally accepted and recognlzed mternatlonal rules and

ARS T;"u

standards in the field of packaging labeling, and transport, and that due

=+ accountis taken of relevantinternationally recognized practices:, ; -

gy

Require-that hazardous:wastes and-other: wastes:be.accompanied.by-a
movement document from the :point.at:which.a:trans.boundary.movement

commences to the point of disposal
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8)Each - party:‘shall- require’ those: -hazardous “wastes or:. other :wastes;:. to..be
exported, and managed in an environmentally sound manner: in:the -Stateof:
lmport or elsewhere The partues at thelr f rst meetlng shall dec1de technlcal
guuctellhes for the enwronmentally sound management of wastes subject to thIS:

‘ l\'u- <. ‘_;;".’ .' PR S t.';_

.....

convenﬂon.

9): Parties:shall take the appropriate:measures:to.ensure that the:tarns boundary:

movement of hazardous wastes and other.wastes only be-allowed:if::: o e wov

a)'The. state “of ‘export ‘does not: have' the:technical-capacity. and.the:necessary
facilities - capacity-or- suitable ‘disposal-sites.in: order:to.dispose:of the:wastes:in.

que'stib'niin’anfen\'iiroh'mentallys‘oUndor:efﬁcientwmanner;.:'; Slnohe muant i

Loy
lee v d o

b) The wastes in question are required as a raw material for recycling or recovery

industries in the State of import.

c) The trans boundary movement in question is in accordance with other criteria
to be decided by the parties, provided those criteria do not differ from the

objectives of this convention.

10) The obligation under this convention of States in which hazardous wastes

and other wastes are generated to require that those wastes are managed in an

environmentally sound MANNET. . . oo el e s e

14)-Nothirig . in- this. canvention-.shall- prevent: a party .from..imposing .additions

requirements that:are:consistent with the provisions. of this.convention, and are in
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accordance with the rules of internal law, in order better to protect human health

and the environment.

12) Nothing in this convention shall affect in any way the sovereignty of States
over their territorial sea established in accordance with international law, and the
sovereign rights and the jurisdiction, which states have in their exclusive
economic zones and their continental shelves in accordance with international

law and as reflected in relevant international instructions.

13) Parties shall undertake to review periodically the possibilities for the
reduction of the amount and or the pollution potential of hazardous wastes and
other wastes which are exported to other states in particular to developing

countries. (1).

0,000 +

LU 00 <

Toiowd
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|pEspens brrports '
Figure 5.1 (Environment Canada 2004) Statistics on Export and Import Hazardous Waste
Material 1999-2004
As shown from the graph, the 2004 Canadian's amount of hazardous waste

Import and export is gradually decreasing. For example in 2002 the total quantity
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of importing was:almost-418,000-tons, in:2003:was-almost: 417,000 tones and in
2004 tones is almost 416,000 tones.-Based.on the statistics of 2004, 98.8% of all
Canadian. imports: of.hazardous ‘wastes:came from:USA and the:rest 1.2% from

other countries: .+ =ovn v pese e T R M PRI S TR SN

5.2 Environment Sound Management

Some problems could be created from the poor management and msuft' cient

E

knowledge For example Ieachate |s the mean reason of the ground waster
contamrnatron or release gases whlch have a negatrve rmpact on the human

health and the envrronment In response to the publrc concern to maintain

PR P T SE A R P " et

LN N '..

adequate control over the potentlally hazardous wastes and maintain
envrronmental sound Envrronmental Sound Management cntena plays a

srgnrf‘ cant role to reduce the danger that rmposes from the hazardous wastes by

,‘. . ;y-v-» 0 \- ,-; o

establrshmg a framework or comprehensrve plan Envrronmental Sound

e l‘;.‘,l,", L v

Management’s objectrve is to protect the envrronment and the human life through

d .o e 0t e, Y 1,
( . , L‘ ,x ., , dan ~l . '.l [y -..‘" . l

management strategres sophrstrcated plans and mtellrgent system as following:

,, g ,. .

A Reductron of wastes are one of the most potentral useful way to

P R Ty BRI R
R N RN P \t"-‘:

the wastes from one t" n'n to another whrch can be used as an

r

. mexpenswe way of raw matenals whrch present the best way of

managrng the wastes W|th the most envrronmentally sound

,.-‘ ,f .!ﬁ)

* Ensure that all the hazardous wastes procedures are accordrng and

-

l'

‘conformrng the Envrronmental Sound Management s cnterra

STV
o .K
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" Ensurécompliance-with ‘the regulations "and’ existing' rules in ‘the

" rnanifest to protect the environiment =" 700 s et e

‘s “Reduce or prevent the unexpected hazardous wastes resulted from’

unforeseen accidents might happens due to spill or contaminations

that happened dunng recyclmg, treatment transportatron or

‘:ugay .-..,

drsposal process

Arrangements wrth the Iocal emergency authontres to the fi re‘

department and to the polrce department for the areas that have

ey o IR

| hazardous wastes
Arrangements to famrlran‘zey Iocal. hosprtals | wrth the hazar‘d‘ous
waste propertres |n the facrlrty and the consequences effect o
Safety and emergency response are partrcularly very rmportant rn
" ~ __the heavrly urbanrzed area rn a wrde varrety of drfferent applrcatron
) such as plannrng rnfrastructure and transportatron pro;ects The

Nt e

N 'number of f re statrons rs srgnrf cantly rnﬂuencrng the eft' crency of
i hemergency response durrng t' re accrdents A surtable drstance
between f re statrons and maxrmrzrng the area that can be served
‘by these t‘ ire statrons is very |mportant rssue thrs could be

‘_ effectrvely by usrng geographrc rnformatron systems technology
(GIS) The eft' crency of the current t' re statron Iocatrons and reduce
}.the hazard transport |mpact on the routes R

.Provrde a lrst of prohrbrtrons and condrtrons relatmg to the

transportatron recyclrng, treatment or drsposal process
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Canada's first priority is to-protect the environment:and human health. There are
a strict: regulations' imposed:-ofi. the :export:-and: import: hazardous ‘wastes-in-

Canada in order to protect the envrronment and the publrc health from any

xar ‘. ! )‘A N ” L .
LR LS R SRS R LR E N § RS e u‘.,’e‘

damage mrght occur through trans boundary movements of hazardous wastes_

The mam purpose of the proposed regulatrons is to enhance safety and;

ot N 1 .Y

envrronmental protectron Canada has |ssued a new manrfest form shows the'
necessary required regulations for the trans boundary movement and the:'

difference between the rnternatronal and the domestrc regulatrons for the

N R i

hazardous wastes transportatron also provrdes a Irst of the prohrbrted ‘and

N

permitted materrals to export or rmport The mamfest shows the regulatrons

should be followed from the very begrnnrng of shrpment to the t" nal destrnatron to

AT R TR S e EE

enhance envrronment management sound

senite ceeser g T e

In 1999, CEPA gained power to enforce some regulations on hazardous:wastes
materials trans boundary movements as following ...+, .- 3 v o e

. Con .
cd .»,..t."

1) Prohibit exports, rmports of hazardous wastes movements where requrred

R P P
IR S owae T el s TR N

by Canada's rnternatronal oblrgatrons e

't -"' IS ERN VY.

2) Develop crrtena to assess the Envrronmental Sound Management of Tran
boundary wastes and refuse pennrts for exports and rmport R
PR S F AR S BN PR A

..,.3)..Prepare plan.to Jreduce phase out exports of waste hazardous movements

.~r'r_;:l,t i

.....destined for final disposal, .~

I 2002 there were some changes in ‘control duthiorities in Canada related 1o the

L asted Trans boundary movements. For example; Trafsportation of
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Dangerous Goods Regulations controlled the tracking requirements of hazardous

wastes materials according to Transportation of Dangerous Good Act, 2001. -

5.3 Envu'onmental Leglslatlon In Canada ». - o
Waste Hazardous Matenals Process mcludes handllng, shroplng, drsposal |n .'
Canada controlled by a Vanty of Iegrslatrons and regulatrons through many Acts
as followmg
‘ ‘,>. ‘ Transportatlon of Dangerous Goods Act _
> Envrronmental Protectlon Act mcludes V»
- (Waste Management General Regulatlons 347 Ontano)'
(A|r Pollutron General Regulatrons 346 Ontano) -
= (Waste Management PCB Regulatron 362 Ontarro)
Environmental Contamination Act
“Pest Control Products Act ~ T T e e

Pesticides and Regulations Act -~~~ e e

vV OV V¥

_Nuclear Safety and Control Act mcludes o

= Canadran Nuclear Safety Commlssmn (CNSC)

- Packagrng and Transport of Nuclear Substances Regulatlons

5.4 Hazardous Waste Management in Ontario ~ *"

Ontano government has establlshed a master’ plan ‘that has’ achreved
tremendous implementations of reducing the h‘a‘zardous‘ waste. ‘Ontario
hazardous waste is managed. under. the. General Waste .Management. of

Environmental. Protection Act. Regulation 347. ,'ljhe:Enyironmen_talBr}otect‘ion} Act
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enacts-rules and regulation-to:protect-the environment;and-the: human health. It
is therefore, responsible for the approval of constructing {andfills and:the control
of generating: hazardous waste: in: Ontario:-In addition.to, the:initiative of applying
registrations the electronic: hazardous: ‘waste ‘information : network :program to
coordinate:rall-the:hazardous .waste: activities:. in :Ontarioand:provide a. better
service for generators, which made Ontario.waste:hazardous:plan.is.the most
competitivesplan:in:North America:. # u iduiiielnn i 2 fnls s htidd o

eyt et Bl femeer, by sk Heh e il D0 Dol ae !

5.5 Hazardous ‘Waste :Regulations in:Ontario; ;s en vin e

regulations. require.. annual,renewal, of.. the reglstratlon of the hazardous waste
generators with the Environmental Protection Act, and, provide detailed
information; about. the: amount, of .hazardous .waste, that being, produced and
disposed on and off site every yeg,r,,-,Eur,the.rrn‘o,re,;{ithese',,,a‘[nendmeﬁnts on the
regulations included the improving the leaching tests method and updating the
classification lists of hazardous wastes. The modified regulations are legislated in
a very tough way to ensure and enhance envuronmenial sound in® ‘Oniaflo 'and
Whoever breaks e 1aw or' abuse ‘the system ‘will éxpose to'fii hesand probablyto

Fone e e

|mpnsonment (3)

e gt e k] . .
Sretr oand eiem ot s Do megeieat e el it
SRl ool rienaelIVedLr TrOE TR el NN e Iy

Rébdlations:6f‘fh'é"ha'z’a'rdous"'wlas'te Management’ T s s
S s e RCRENEIN D W SRR DD TR e meaEiind ety e

Ry

2> Complete a training hazardous waste course or seminar at least once

-every.year. .

H R T T O TE T2 TS A R S RO Y . .
Do RN UL e R T T T S B N eI PO PLA T
v AR ELE B R M IR S R A S T T IRSORYS XIS TN

- »,.Determine. the, recycle materials and the  waste hazardous materials
ML D e amre Sl nd otz aet

PROPERTY OF ]
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i3 Determine'whether the waste may:be'legally.disposed of in the sewer-:*

s vigystemor landfijl: @ et s el st T s Pl
sy Treat:'waste:as hazardous waste:if it.cannot be recycled, detoxified; » i:
- credistributed or'disposed ofiin the:sewer.or landfill: o i oo s
0% Follow the ‘policies for containing,: storing, labeling:and-inspecting::..+ .7~
vt a0 gocumulated hazardous waste. ol e s i st i
> Notify the Environmental/Safety officials:when hazardous waste needs .-

to be disposed of. Indicate where the waste is, what kind and how

much hazardous wastethereis,-as:well as whom:the contact:person::

et eyt :4:-,*'" R T N T PR ot . o . . . .
D e L T N Y N A T T T BT PR LT AP PN
is . 3 B T O U T LR RIS EEAIE A Y
. Yo

“ ' "Réview procedures producing hazardous Waste to see'if thiey'can be:
e mlnrered R s I R B O L TR SRR TIAT A S SE Y SRERIS AT
“$" Recognize-a problen; or potential problem, with hazardous waste arid -

) ta'kes“terss,’tocb.rrectth'epr'oble-m(25). e T oo Tens ue Yoneandh

: T sl X ERaFERSEN ]
sy oeeint LA SRS O TN AR I LV PP L CE e i Vo . N e T,
£l L3 L3 ®
5.6 Liability requirements
N T LS S LTI TG T SRR EA TS SRR LI PARE) . Y oun

Hazardous wastes have a huge potential of causing.injuries, permanent disability
or even death to human and damages to the environment, if such an accident
occurs, the question arise, who..is .‘__gq_ir'\g ,,to__i,_c;pyer..,:t:tya_.t‘_:,giarna;'g.e,v_pﬁnaqgia_l_

responsrbrlrty includes insurance coverage and compensation for any injury or

‘L. ..",,

rncrdents durrng transportatron or even dunng storage "treatment or disposal
operatron should be designated. Insurance is very |mportant it hélps‘owner and

N

the operator to be clear and have peace |n mrnd "towiard any mcrdent mrght face
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them. The transport of hazardous. waste:as-any- transport -operation could be
subjected to collisions. - In. :addition - to: the--danger.-might :happen . from the
hazardous wastes. itself.. |t is- therefore, an.urgent need -to. cover:the unforeseen
losses and legislate national laws to protect anyone involves in the operation.
The law should help the victim to get compensation for; the,.harm.that .already:
happened and also provides protection fules asa}%tf?i%@ harms. Reliability of.
staff play a very imbortant role in the transportation rc;b;e‘rz‘atio‘b_.,ﬁ:_‘bé_c;éi.née
experience shows that a proper training to the staff and special Iiggnéés:g[e very

essential and should be mandatory for both the carrier and handling agencies.

M e v et
R i 2

5.7 Inspection |

Inspectors who are authorized to ensure and enhance the Transportation of
Darngerous Goods Act and regulation; they appoinited by the Minister andissued
a Gertificate to *pr"é"c't’iéé"t’ﬁé’i’ﬁ'ébéé‘tibﬁf-'é‘ri’a'ﬁy-wéétés"éféﬂ‘r'eédy=f6r'"t"ransportation;-'
inspecior ‘can” perforim’ inspiection’ oh“every ‘thirig félatéd- to: handlifg,”packing;
dbcimants dnd- authiority: The inspéction could Be at the ‘port, places'where the
Wsted prodticed ‘of ‘4t the faciiity. The inspéctor has “the right. t6 ‘refusé the
wiad Ghd not ‘ailowed 't nter thé board: © The carriér-also has'the' fight'to

Shisk the Shipimerit ‘before’he” transports: The” Cariier he-‘sholildn't ‘accept to

T AV YooY et

reéeive the Shipment for thése Tollowing réasons™
TR thete i any discrepancy'and *not in"t comipliance “with
st Nnehertation Dangér Goods' Regulations: i er s

L I TR P ‘0. .
: N BT Fauy el e R T

« Incomplete documentations T e TS
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" &' . Misinformation on the waste manifest- =" .
"¢ ‘Impropér signs, unsafe-or damaged packing “ "o e

& Vehicle mechanical problem (Waste Transportation‘Manual) =

5:8 Transporfation System Attributes =~~~

Transportation System attributes could be fall into six categories”
Travel time

Feigit

Operation and maintenance

Financial perspectives

v V Vv VvV v

- Physical-

The most important advantage of GIS in transportation s its p‘oteqtia_l for data.
integration.. .. GIS-application in.Transportation includes land use, ‘enyi_ranmentalv,.
demographic, - utility - and - hazardous . .materials ;Adataba,ses.; .The ,ha_za"rdogsz:
materials represented by travel demand by using the origin and the destination of
the trip. :Utility systems,..such-as. sewers and water, .which.,_revprgsgntgc_[b .as
networks. by using, ‘nods. and links for the appropriate attributes.. Irans'pq[t_gtign.
includes -the interaction. of supply (physical attributes)..and. demand.. (Traffic
attribute), the interaction betwee,n.,suppl_y‘_:and._dgmanq Jis.emphasized by ,trgvgl
attributes.- Financial attributes _.cover_.,thef,var.igty qf:,costs spc‘l'_l‘:as,. mgintenance,
construction operation and vehicles -operation. To. classify the GIS application

seven function are used as follows:
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Basic functions (editing, display,” measurements). The editing function

allows the user to add or, delete hnes pomts and change the attributes.

3

_ The dlsplay functron generates thematrc maps The measurements

E PR TN '.rf'.~

functron |s used to determme the area and any measurements

RO S

. Dynamrc segmentatron whrch dwrdes the network Innks rnto homogenous}

{‘~.— .

segments The dynamlc segmentatron would create new homogenous

segments groups. -

Surface modeling function creates a three drmensron model and create a

model for the digital topographic map.

Prmaaee R S PR N TS catt
R EERRERTY IEEERA NS ORA DI F IR N

Raster display and analysis function permrts photographs to lnvolve in

-

GIS, this function used to add new Ilnks or new features

N ‘.o..“ ."'i"' .' .

Routing based on minimum tlme bath avarlable in travel dlstance in the

SRR AN IR R ATV

software.

R T A R I A

Transportation modeling packages

:""'(" ,.'-;¢ .. . ', o e «‘: v

Overlay function allow two or more base maps to dlsplayed

r r.., R ) v,,.).;" s Y

simultaneously.
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" CHAPTER6
Potentlal appllcahon of GIS in transportanon T

Several appllcatlon of GIS have |mplemented in the transportatlon ﬁeld such as
management of urban of mfrastructure traff c operatlon management road

safety and the assessment of road accudents and the |mpact on the enwronment

many appllcatlon such as the followmg

\4

Pavement management system
Bndgemanagement o
Malntenance management AP

Road safety management o
Transportatlon system manag ente‘nt' SRR
Travel demand forecastlng S

Corridor preservation and right of way
Construction management
'Hazardous cargo routmg
Land side economic impact

Environmental impact

vV VvV Vv v:{i}v v vtfv Y v;"f_;

Accident analysis

> Oversize vehicles permit routing
GIS is a powerful tool in the analysis and design of transport routing networks. Its
graphical display capabilities allow not only visualization of the different routes but also

the design of the network.
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6.1 Risk mandgement in Hazardous waste transport -

GiS Gapabilities aliow thé fisk analyst, decision makers, and general Visudlization”
of ‘the ‘potentiai transportation accident ‘ifivolving the Telease of the radicactive”
matérial into the atmosphere:’ Théré ‘aré differefit formulas désciibe the’ coricept
of Hazardous wastss. The ‘damages resultéd of the uricontroliéd reléase of te"
hasard whsies sich as fiammability; toxicity, and chemicals aré based on where'
S5 hen the hcdident occurs. Obviously, in orderto 'réduce thé isk of
tiansportation “hazardous ‘waste is’ fediicing the ‘probability of ' transportation”

T AN NN AT SN R el e s

aceidéntd reuency 28).

6.2 GIS tofntinimize Hazar,dous_ Waste .

ar . I - ‘
JERT I, CoeeabLe gt et e nemey et
A HET v

Geographlc mformatron systems (GIS) represent a technology wrth consrderable
potential for |mportant applications in transportatron engrneerrng One of the most'
important applications of the GIS is to utilize GIS to minimize the potential impact
of hazardous waste transport shrpment accrdents The mteractron between the
transportatron system and the envrronment makes GIS technology very effectrve

-, RS ., N

in hazardous waste The purpose of usrng Arc Vrew GIS software store roadway
information to make an assessment to choose the optrmal route for shrpm'e.nlt's‘
which minimizes the ‘travel distance ‘and ‘also:the. exposure of the:--hazardous
waste to populatron Some studles have shown that, GIS can develop a route
that minimizes the rmpact of hazardous 'waste lncrdents occurrmg along the

roadway network. The ultimate goal of using GIS is to reduce the hazardous

waste transportation risk, and provide the tools: for- reducing- uncertainty .in
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decision making to :ensure that the decision. ‘is: made. wisely. Deyeloped
computerized model, which local jurisdictions can manage the risks related.to.
hazardous waste transportation. The model was developed as a part of thewr‘i‘sk.
assessment. The model is used to.assess the risk associated with various
transportation modes. The main purpose of developing and predicting models is
to assess the safety of the community through which hazardous material willl,b,e‘.
transported. The risk measurements based.on many factors such as roadway
design, characteristics of drivers, vehicles, and the exposure of hazardous to the
population. This model developed by Chung-kuo (29). The. mode_lzdev‘el‘oped,with:

two sub-models as following.

LOS denotes to community Level of Safety =CPICR " 8.1y
CRRHNF PPN T ey
Where, = i

CR denotes to the communrty rrsk such as sprllage t" re etc and the
consequences of that such as the rate of rnjury, death and property damage ln

other word |t focus on the roadway transportatlon o
CP denotes to the community preparation such as emergency response .

RL(HMV) nsk Ievel |ndex of an mcrdent mvolvmg a motor vehlcle carrylng

hazardous matenals
Pp = population density factor.". .-
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Py= property value FAGLOr < 1. rur sovvinatlews SEALT SRSQITNOND S pilvy L Bananin D0 LY

N £ condition and.humber of hazardous:materials:establishments = = - 70

Ns = type and numbers of the facilities which is close ‘to'the roadway (-schools;

hospitals, etc.)

Te= forms of threat resulting from an incident such as splllage explosuon f' re

etc.
. . VI e ey i o
RL(HMV) is separately modeled as sub-model as following
R (HMV) = RL(MV) * (Pex+PcctPrLtPrstPo+PetPctPu) (6 3)
REEERAIE R VS ‘ et
Where,
S CRTR SO R T S DS Pa TRt e PRI PES RN DA Tike 2esini e e oot VT
PEx = %exploswe vehlcles in ADT
Vil »,:?,‘7~ PUCERE IS S J‘. .g;." wiin SR R TR i ’“ e

Pce = % compressed gas vehicles in ADT pewet T DI s e e
PgL = % flammable liquid vehicles in ADT I Eemn sapm

P.gs =% oxidizers-and-organic peroxides vehicles,in ADT: 1= iy goa™ 8

i . . i ) .
o 0 gl ety at D anit e ot e ety e 1R e B ey TG i
= 3 s
Po /o ponson vehlcles in ADT
”:_": :":"-?‘T't‘!' ( M E;'...."f’ Ik ..r ':E ! [ERKFO '.-‘ o _.‘.*: FSN - ."; e ")‘-" ',:',,\._" [ “ ‘ : ey it o L

P pr‘-‘: 0/9 radmagtjvevehiCIeSinAD T- o

3 '\"v “

RESRE) l.'_.“‘ e : R o, AW RESEY | ‘ : REIN Lo N eoeethy

P = % corrosive vehlcles ln ADT ~

PO et e Sanesrnnsl e inel mer pder e G m s slnien il nsskonenst b
¥ g H v e RS P DR ¥ A R R R I N T Y PR ATl ,':
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Pum = % miscellaneous or unknown class vehicles in ADT:-.o0 iy vy oo
Ru(MV) = risk level-ofiindex of a'motor vehicle incident =Ty * (Di+V +R;)*S;. (6.4)
Ti=:traffic volume level index::.: i ;i son/8lia’ el o men v sy aned A
D, =driver level index

Vi = vehicle level index

R.= roadwaygeometryy. L

S.= aygngge vehicle speedlevelmdexﬁ L
Traffic volume Ty is rated 1 to 10

(CP) denotes to the level index for second sub-model for commumty

preparedness, (ER) is emergency response mdex (0-50) and CR is regulatlon

compliance index (0-50). Then
CP=ER+CR (28) Vole e 0 sl i e (6.8)

6.3 Case study #1. The ‘objective of this study is' to ‘minimize-the:hazardous
waste that exposed to the population during the ?@'??P?ﬂ?ﬁ?{', t,riP.S:.‘B?S?Q. on
the study of Dr. Michael Anderson (21), about the née of GiS in‘the ‘P';inn’inghar.n,
Alabama, and metropolitan area to reduce ‘the' hazardous"waste *transport
shipment incidents. In the U.S. statistics there are over, than 500 000 shlpments

of hazardous materials every day. Trucks on hlghways transport more than 90 %
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of these shipments, and 5 to 15 percent of the trucks are carrying hazardous
matenals Almost 50 percent of these materials are ﬂammable petroleum
products gasolme and other corrosive, and 13 % are chemrcal materials. The
remaining shrpments represent any of the 2, 700 chemrcals consrdered
hazardous when transported in interstate commerce. Thrs research develops GlS‘
application in transportation to obtain _an effectlve ways to reduce the haulage
cost and reduce hazardous waste as well. In addrtron to, mrmmrzmg the potentral

impacts of mcrdents resultlng in the possible sp||l of hazardous (21)

6.3.1 Study Area: The roadways for Birmingham, Alabama (Jefferson County)

are from the 1995 TIGER files. The point locations for schools are taken from a
directory of Jefferson County Schools and show differences in type of school,

elementary, junior high, and high school as shown in the figure below.

) S _.o‘ e

Figure 6.1 Schooi':Locations in Birmingham, AL. :‘Development of GIS Based Hazardous Waste

Transportation System (HWTS)”
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6.3'.2*Me‘thodology'“

The methodology that adopted for thrs study |s usrng Dykstras Algorrthm or
Moores Algorrthm to developed and produces a new short routs based on the:
network road travel charactenstrcs The study based on obtarnrng the relatronshrp\'
between the populatron of the facmty and the dlstance from the road segment
For mstance usrng schools as the facrlrty Accordrngly, The hrgher the rrsk'
assocrated wrth the facrhty, the shorter the drstance from the facrlrty to the road‘
segment. T Ve e e ten e
The relative reciprocal function that is recommended is listed below. -~
Impact=sum-(f(p,d) = v o s ol sl e (BUT) s

Where, p is the population of the facility,
d is the distance from the road to the facility,
1/250 is the risk constant.

In this case, they used a path is 10.54 miles across town as shown in the figure
below. By investigating the route, there are nine elementary schools, two junior
high schools, and two senior high schools located within one half mile of the

route.
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Waste Origin ‘ ST ]

s semeni = .

Figure 6.2 oAy th?ough e Network - ﬁevelopmem of GIS Based Ha%a?dous wéste
Transportation System (HWTS)”

GIS technology application in transportation is very profound. GIS is used to
provide information for roadway segments within the specified distances of the
study area. This information included the roadway segment distance, to develop
a new potential reduction for the hazardous waste on the road segment. For the
case study example, the student population of each elementary school is 200,
each junior high school is 500, and each high school is 2,000. The area around
each school shows the hazardous waste routing and each roadway segment the

falls into this zone as shown in the figure below.
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i - Waste Destination

3

.3 School Zones of Influence. ” Development of GIS Based Hazardous Waste Transportation

- et

Figure 6

£

r}
+

System (HWTS)”

The shortest route compared to the school zones of influence show that there are
significant areas where this route passes close to schools as shown in the figure

below.

i S

rtest Route. ” Development of GIS Based Hazardous Waste

T OIS
Figure 6.4 Schools Impacted by Sho!

Transportation System (HWTS)”

By using the roadway distance and impact area, a new route is developed that

minimizes potential impact associated with a hazardous waste shipment.
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s i "g_.;;ﬁ.' ZEe F L ,
Figure 6.5 Safest Route through the Network “Development of GIS Based Hazardous Waste

Transportation System (HWTS)”

By testing the two routes, the shortest path route has a distance of 10.54 miles
compared to the minimized impact route of 11.68 miles. However, with the
distance and impact level, the route that initially had the shortest path is scored
as 38.91 and the route that minimizes 'potentiai impact is scored as 32.40.
Therefore, providing a shortest transpOrt route for a hazardous waste shipment

that reduces the potential impact of an incident.
6.3.3 Conclusions for the case study

This study presented the development of a geographic mformation system based
hazardous waste transport system (HWTS) that is intended to reduce the impact
of potentiai incidents regarding hazardous waste shipments. The methodology
included in the Hazardous waste transportation system provides for the
determination of transportation routes that attempt to minimize the |mpact of
potential incidents by incorporating socio-economic consnderations into the

routing process. The case study shown for Birmingham, Alabama is provided to
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demonstrate the use of the HWTS using school locations as the socio-economic
consideration. As demonstrated in the case study, the shortest route for the
shipment, only 10.54 miles, passes by several city of Birmingham and Jefferson
County schools. When the location of each school is considered into the routing
equation, there is a small increase in total distance of travel, however, there is a

larger increase in potential safety associated with the longer route”. (21)

6.4 Case Study #2

This study. obtained form “T ransportation Safety and Risk Analysis, along Rural
Southwest Roads” Doug‘las Filler, 20027(22). This study aimed at develooi.ng :a'
set of methods designed to .assist road departments in{r.u‘ral jurls‘diot_ions tlocal;
county, state) i,rnprove,the _trafﬁo safety of ,the ro_ads ‘under_theirwmanagement by
addressing different risk factors, and assigning different welghts to these :faetor.s
e.g. road curvature, side slopes, intersections etc by using GIS, teoh‘niques.}"l_'_‘he
authors developed and tested these methods in the uU.S. Southvvest,vlhere
thousands of kilometers of unimproved -and ‘graded dirt réads:cross Native
Amencan reservatuons ThlS generally and reglon is nevertheless subject to
penodlc summer ramstorms and wmter snow and ice, creatmg hazardous
condmons for the reglonstransportatlon llfellnes A

By usmg GIS the methods can Iead to less expenswe means of analyzmg the
nsks and hazards along paved and unpaved roads of the Amencan Southwest
and are also transferable to mternatlonal settlngs partlcularly in SImllarly arld

ehmates (22). ; o A
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6.4.1 Study Area:

The site under consideration is Hopi'Reservatioh is located on western edge of
the Colorado Plateau within the northemn half of the State of Arizona, and is
surrounded’ by the much larger Navajo Reservation as shown in the Figure

below.

= p - Route 60N

e . ; n
i .{\ ; \ i) ,Nvﬁ::::;;
{ ©. Hopi Soundaries H
o T — 0t = 1A% 5 g . 1 [ S
- p ) e = i i
; - :)—‘\z‘“\'{(. ’ ;,3\,
Hopi ) S S S <
Reservation - - !
o E b

Figure 6.6 Maps of the Hopl Reservanon “An Appllcatlon of Lidar
Technology to Highway Safety”

The ¢limate is continental / temperate with hot summers and cold winters.
Average daily high-and low temperatures range from. 50/-60C - in winter and
320/150 in- summer. Soil scientists have recognized some 40 different soil
classes on the Hopi Reservation. The' soil. distribution: is complex and governed
mainly by the extensive sedimentary parent materials (principally sandstones and
shales) and topography. Three classes of roads cut across the Hopi Nation:
paved highways maintained by the state of Arizona; graded dirt roads, which are
maintained by the Bureau of Indian Affairs, an.agency of the U.S. Department of
the Interior; and a large network of: informal roads,. some of which receive
occasional grading. Dirt roads are readily passable for much of the year although

moderate to heavy rainfall in areas of clay soil greatly reduces tire traction, thus
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rendering many dirt roads impassable for brief periods (usually: several hours):
As mentioned, above, sudden downpours.can also. wash away road. surfaces,
thus..cutting. off important transportation lifelines on..the Reservation., Other.
notable hazards include,variations in road width dug to the placement of drainage,
structures (culverts) and cattle guards, high curvature (i.e., sinuosity), roetfffatlf
and slide hazards in areas of steep slope, and intersections. Each of these
variables has been being treated as a risk factor in our analysis of transportation

risks associated with the roads on the Reservation (22).

6.4.2 Methodology

The Hopu Natlon has made s:gmt' cant mvestments m remote sensing, GIS, and
GPS technologles Further the Natlon has a federal requnrement to develop a
Iong:term'plan forits:road system. The data'set:consisted-of geo-referenced data’
layers; includinga’ set’ of digital-orthohotos (1 meter: spatial: resolution),-and.a.
moderate’ fesoliition” (10-meter)-digital -elevation ‘model-(DEM):-Although. Ikonos:
parichromatic-and multispectral data‘would-have been better for the first. phase:of
this: reésearch; the relatively: high'-cost" of-these data-has: prevented “their use.
Instead, “the' digital: orthiophotos.of the -area; prepared by: the.:;S..:Geological
Siinvey were: used. ‘These' data-have ‘theidistinct advantage: that they .cost less
than“$10"pér 3:75:mintite :quadrangle: However; the digital:orthophoto .quarter
quads' (DOQQ), asthey are' called,"have the distinctdisadvantage: that because
they are derived from periodic:aérial surveys; they do-not reflect:the:most.recent

¢hanges'in the road network.sIn fast growing areas. like many of.the:U.S:.suburbs
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they very quickly fall out of date. Thus, for.many;applications,: recently :acquired.
high-resolution satellite. data,are preferable. Nevertheless, for research purposes;.
they are excellent substitutes for the more, expensive satellite data. Table 1,lists.
the baseline data sets used in analysis thus far (22)...... . ... ... ..o oo,
From the DOQQs, washes and intersections were digitized using raster-based
GIS software (Idrisi32). The m‘ain advantage to using this particular software is its
advanced decision-support capabilities for use in |and allocation, suitability
mapping, and risk assessment. Linear and point features were rasterized toa 10-
meter grid, which corresponds to that of the DEM—the most spatially coarse of
the data layers. The GIS software was utilized to create derived layers depicting
the distance from hazardous features, namely washes, intersections, steep

slopes; and Culverts, .+ «wc ot jru st s gl et e g

...t,. .
N PN ~ v een R g0 ~e st ~ . 2. i . .-
R 1 prsent Rt e . R TV TT RO
RPN et P TR . RO R L RO
BEESTIE AT . . I P L T RN

6 4 3 Evaluatlon of d1g1t1zed features

The accuracy of features drgrtrzed from the DOQQs was evaluated wrth a GPS in

\.

the t" eld dunng an August 2001 vrsrt to the Reservatron Both a hand-held Garmln

GPS as well as a RedHen Vldeo Mapplng System were used whrch provrded

PE rt

/“‘ Ve .v.

post-processmg drfferentral correctron" for posrtron and elevatron Thus rt was

possrble to evaluate the accuracy of the DEM whrch |s one of the most rmportant

",'" x._-.", ;" ,;-

-

Iayers grven the hrghly vanable steep topography of the Reservatron ‘
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6.6.4 Mapping areas of high risk: -
Since the' initial ‘goal was {6 map areas of high ‘risk ‘along roads, a “set of
procedures was useéd fo standardize and combine 'data layers to" create

composite risk maps as followlng:'

Methodology Flow chart
Collect Data Data Extractlon GIS Operatlons Evaluation
| - ‘ a T Intersections . | | | . .Distance’
S Washes
DEM Slepe
GPS o] ' Clay Soil. | . 0. . .
- sofeMas ‘il i il Caverts | T o T et e A e
- Cattle Guards > Fuzzy Set Composite
Detarmination > Risk
poe e . R l —— Maps
Mult-Criteria
g e eee te e o Evaluations ) N
i n
. i

Figure 6.7 Different Steps for creating composite risk maps “An Application of Lidar -
Technology to Highway Safety”

Standardization of each data layer to a common set of values was performed

st I f ‘I" ,_‘,

usmg the Fuzzy module in the software Thrs module is desrgned to asslgn each

L

plxel |n an |mage to a fuzzy set by evaluatmg any of a senes of fuzzy set

membershlp functlons The main advantage to thlS approach for the current work

is that |t avords settlng hard or arbltranly estabhshed thresholds between drfferent

Sed

levels of nsk lt also facmtates subsequent mtegratlon of data layers in the

RERRS ‘ v

generatlon of composrte nsk maps WhICh take mto account the major nsk factors

for which we have data( |e slope clay content washes culverts mtersectlons

and cattle guards).
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Both linear fuzzy furictions :and.J-shaped:fuzzy functions-were used (these:can-
be further: ‘specified:to " be either monotonically ‘increasing - or.-decreasing-
functions), which are ‘controlled -by.four breakpoints: ordered. from-low to:high on.
the :meastirement :scale. “A.:J-shaped" function :sets point:a-and"d -where: the:
function:-is '0.5-and in:the process, makes-the:J-shape function-asymptotic t0.0:
and -1;*‘points:: of .absolute. -minimum -and-maximum fisk.. In. the-.case -of..a.
monotonically-increasing: function;-the first. point-marks the -location where :the:-
membership function hegins to rise above:0:: The second point.indicates where:it:
reaches 1 (i.e:; 100 percent:probability ‘of class membership): Qutput was scaled"
from O (zero probability of class membership)to255: (100 percent:probability: of:
class membership) for each layer in our analyses. In the case of slope, for

example, steepness was evaluated using a monoton‘ieall!y_ _}inorea.sjr)gwfqnc.tion;
with the f' rst breakpomt set at 10% (slopes are begmmng to become "steep") andv
b, c and d set at 25% (slope has become a full member of the class "steep

slopes").

6.4.5 Creation of composite risk maps

Iotegration of the data to create composite risk maps along roads was carried out
using the Multi-Criteria Evaluation (MCE) module, also in Idrisi32. Like the Fuzzy
module, the MCE procedure allows for the combination factors using a variety of
functlons The hnear-welghted function was used, which is analogous to a

wenghted mean W|th factor welghts determlned arbltranly Factor welghts are

very important because they determine how individual factors will tradeoff relative
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to each other. In the case of a linear weighted combination, the higher the factor
weight the more influence that factor has on the final composite risk map. A
factor weight sensitivity analysis was carried by varying both the factor weights
and the type of fuzzy function used for each risk factor thus creating a final set of
twenty or so MCE composite risk maps. Once this step was completed, each CE
composite risk map was then compared to a set of accident data points from the
same road networks used in the analysis. These accident points were collected
by the Hopi Tribal police and converted into a GPS/GIS database at the Hopi
Tribal Office. T-tests were used to assess the statistical significance of risk

values at crash versus non-crash locations.

6.4.6 Results (Findings)

The MCE output (“MCE test”) layers, factor weights and fuzzy functions have

been shown in the figure as following.

MCE test Lavers involved| Fuzzy Factor weiahts
Functions

1J 1:2:3:4:5 LELL g 0202 0000
1L 1:2:3;4;6 LLLLL [02;02,02,02,02
2J| 12345 LLLLJ [0.25/0.15;0.1;0.2;0.3
3J 1:2:3:4:5 LLLLJ ]0.3;02;0.15 0.25;0.1
314 122: 3:4:6 LLLLL ]0.3;0.2;0.150.25;0.1
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Figure 6.8 MCE composite risk maps with normally distributed scores (values from 0-255).
“An Application of Lidar Technology to Highway Safety”
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Figure 11 shows the results of analysis for Route 17, which is one of three road
segments that have been analyzed. As in all risk maps generated, this particular
example produces data scaled from zero (no risk) to 255 (maximum risk). This
composite risk map along with several others depicts good correspondence
between crash locations (white dots) and areas of high risk, although in some
instances crash location was displaced somewhat_ from the areas of highest risk,
which coincide with the location of several risk features such as intersections,
curves, etc. Several factors may explain this displagement including error
associated with the crash site data (obtained through interviews with emergency
personnel), post-collision momentum, or other hazards unaccounted for in

analysis (e.g., temporary obstructions in the roadway).

Matars
£00.00

Figure 6.9 Results of MCE-based risk map (Test 4J, input parameters in table 1)
Blue to Black Tunes: Areas of high risk Green tune: Areas of low risk “An Application of
Lidar Technology to Highway Safety”
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Shortcomings of the study -
“The following shortcorings of this study have been observed:
'« " The digital orthophotos used have the distinct disadvantage that as
""they are derived frofn':oo’r.'iodio"aéﬁafaorvéya,"the'y do not reflect the
' “most recént changes in the road network. These can quickly fall out
of data in fast growing areas such as in 'U.S suburbs. Thus recently
'naoquifédphigﬁ-re‘s'oltit’ion:éé‘a“'t‘éli‘i’te'da'ta are preferable.

'« “Driver error is important part of coliisions so it should also be taken
" into account while addressing different risk factors and collision
history.

. There is possibility of efror ‘associated with the’ crash- site data,
which has been obtained thorough interviews with emergency

personnel.

a

6.5 Case Study # 3

This case study is obtained from “Integration of GIS and Orthophoto to Enhance
Road-Network Screening — A 3GR Approach” M. Abdalla”, 2005 (23). Fatalities
and severe casualties occurring on highways with significant increment due to
unsafe geometnc cond|t|ons and traﬂ' c controlled system Among other factors
good vnsnblhty is essenﬂal to the safe Operatlons of motor veh|cles Dnvmg at
nighttime can be more challenging than daytime dnvmg, as the distance that a
driver can see clearly is reduced at night. Therefore, most of the accidents occur

at nighttime due to less visible environment, which is due to illuminated and un-
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iluminated highways. However, there is a clear need to improve the analysis for:
nighttime. collisions .and_fo, identify, the lighting conditions accurately, but. little:
evaluation.has been done.in. this.area because the, collections process is costly,
and tlmgcons”mmg« cwarity anved ol sk pelenl e Sess
In.this research, paper, a new.road:safety analysis technique is used for.verifying,
and enhanging light database.records in a road:network. Semi-Automatic method.
is based o, the, integration of data obtained, from a Geographic Information
System. (GIS), arthophotos .and, a road-networks, database, /A, semi-automatic,
method..was, developed, .to..recognize:. illuminated, and _un:illuminated road.
segments by using a.specific group of filters and the cross, correlation fechnique..

Validation of the procedure showed that the new technique improved the light

database, and the semi-automatic method successfully ldentlf ed street segment

. . |: N e LI
PRI Ry .‘..f_w:'. Ml I D0

types and extracted the streets’ poles positions

P VIS LN o
The objective of this’ paper wrll |mprove the quahty of the data road safety
analysis, and network screehlng Toaen inammeand wt alhoeg Gt
N ‘:;."‘_:.;?g:! ;-; \_.-‘.S"t; ’_y";;_a"'r:“-:.":‘! Frenieaes Sete el e ot ey Lady Yo o B
meod A et slvn Yo s govaleliial tehena G Sana i

6 5 .1 Data set

. e .
R D R N T LA AT PP LY AR o] Bag e At e et g T P TS 5
i KU LA A N R AR R Al e NG ERY [SEIRRI T ATE ‘f.l Seeate

Three dlfferent squrces of data were used in thls study

[ n.
ot WAL e Al YAy T

T»m t..

(1 ) Drgrtal orthophoto lmages for target area

perv ey “-.- ..'. . ceed e o
PR D ~'~? s .'-«.-’. WA T

(2) Roads database records (e.g. colhsrons records traft‘ c volume etc)

oo ..-r‘

(3) Smgle Llne Road Network (SLRN) in GIS Ar_c\few Fonnat

R

The data and Images used in this study were obtamed from the Reglonal

Nl
AT

Municipality of Durham.
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6;5,1;1~‘M‘ethb’dology" Sl reane e £ g0 DVORCY gt BUERIRT e e e
The main objéctive is'to extract the strest poles (iiluminatéd ar U illuminated)
fior the Stidets ‘to identify its location. Since the poles are Vertical objects and”
have very limited width in orthophoto images. Direct extraction ‘Fiethod s’ nof
applicable: however, indirect method is developed to exirict thé streetlight poles.
Sémiautomatic method has béen*deveioped-to hélp: Users 16 recoghizs” the"
streetiight poles types and ‘ibcation. The mathod is Baséd on” observing’ the
s"t‘r'éei'li’ﬁhflhdié’: ""ari"d théi'i‘:'ghadowgaé’ihgshadb\’ﬁ r’ﬁéfke“s"-“t'ﬁéf ’sff'eeiiighf‘ Edle"éasié:?:

i,
R Y ]

6 5 2 Identlfymg Poles locatlon
e Llnk of orthophotos wnth SLRN by usmg ArcV|ew s L.
o Template windows for streetlight poles are assngned L

e To enhance the shadow of the streetlight poles, Minimum filter is used It

replaces the current brightness value of pixels. Minimum filter has the

df 1 VR

e
i SEILE e

effect of spreading out black areas and shrinking while areas.

e To enhance the objects in the lmage' ‘vad Edges fi lter is applled It

makes the object |mage more recognrlzahlev vnsually and mathemaﬂcally

T s VT ks - . . L
e i e . I et e e e e gy U

when cross correlatlon |s applled R o
Ty TN e "'"'.'""'““,“. iy sve s St g N

e Cross correlatlon technlque - to |dent|fy streethgh.t peie iypes and

e -""4"".",."‘ i ",' te, . ;,'. ....,. ::-‘:'::: SR vate .,-‘m‘,‘,.’ R ;,._, b X ‘. Ll et "_;.,.,‘ NS s e ‘)‘_3\ IS
- : oo P et o AN EEE S SRR

Iocatlons
- ! ?-f', ', “ e LS
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e Supervised selection is made by selecting the best results from cross
correlation T I DY S DRINPUI S S Lo S A

e Merging of results with GIS system 4

6.5.3 Identifying Road Segment Types. -
«"To-identify the road segnient types from-the aerial imagery:and-analyze, three
different types of dataset are used:Digital orthophotos;:road-nétwork records
t.and“SLNR. The:Arc :View 'GIS :system was:used:ta:link-the:digital images,
> hetwork screening database, collision'database and SLERN.:: -
.+ The: linking:procedure ~was:. used :to -identify which ::road-segments are

=+ illuminated:(Type 1).and-un-illuminated (Type'2).i: fowesrtiaes

6.5.3 Vahdatlon Méthod

Mln order to’“ ;l;\ii;:iate the test r.e‘.s;ults. from seml-automatlc method, the

technique was applied to the route, which consists of 62 different road

segments with a total length of :39:886 ‘meters: The 'site 7images~and

- v -images ~taken-.by.semi-automatic. method were ;recorded: in, GIS. The
w107 results were verified-on a site trip-for-the target.route; ‘which found that:

“eFifty-seven-out’ of sixty-two segments.(91%) verified, .
o Five segments cannot be -identified:clearly..The:reasons may be

.« they ~arepresent-in downtown: core -and . are .obstructed by the

~n:-ghadows of:high:buildings, s e sy aos foevs
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6.5.3.1 Findings of the study:

The semi-automatic methdd gu'c'é‘e‘s'éfully extfacfed thé pasitior; of
streetlight poles and identified whether road segment types were

illuminated or not. The procedure résolved 90% authenticity in'the

- results--obtained ‘for illuminated; hence, improving the data for

< -illumination in-the road database. .

" _The integration-method presented: offers’ a new tool to-check:and

imprové illumination.data in:the databases:of road safety agencies.

“This methodis ideal for:rural and:semi-urban areas as:high-rise

e

building and other factors may affect the .imagery collected in-urban
areas.

The integration of GIS, GPS and remote. sensing .can ‘help road

_safety analysts to improve the quality and accuracy of their findings.

6.5.3.2 Shortcomings.of the study: . - ..

" e THis techniguié: could ‘be usedto check and examine intersections

‘to idenitify which intersections are controlled by traffic signals. Semi-

automatic technique may not be feasible-if high-buildings or other

. “gbstructions cover the pole’s shadow. .~ 7

- Orthophoto’ images with-'0.2m spatial: resolutions were used to

extract the pole type/positions and:to-identify-the segment types
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and locations. However, high-resolution remote sensing;images

....(1.0m resolution).are recommended to identify road segment types. -

6:5.3.3 Conclusion remarks-of the study: -
S The integration of GIS; orthophbtos and databases can' play & key role in
- ipproving the road network-scréening database.” IR e
U Resehi - advances fih “Géographic “Informatior  Science *and - detision’
* “suppoit havé resulted in‘a’set of néw techniques for efficient integration’
wue e dirferent GIS and remotely Sensed’ data‘layers to map comiposite risk’
" along ‘certain séctions of foadway.
“$ Y Airbine platfors and satellite-can providé informatior; ‘not-possible by
" sonventionalmeans, at the samé time, thesé are inexpensive and rapid.

6 5 3 4 Recommendatlons

> Orthophoto |mages can play a key role |n extractmg |l|um|natlon data from

_.the street network Road agencres should grve more attentlon to

e orthophoto lmages because the mages have consnderable potentlal for |

supplymg addrtronal data about the road
> More Efforts should be done close the gap between research and

application with conSlderat|on of cost to benef t rat|o and cost

comparisons.

» There should be more interaction of transportation and remote sensing

researchers and subsequently the technologies.
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6.6 Case Study #4 ~

This case study is obtained from “Application of Lidar and GIS Technology to
improve Highway Safety and reduce hazardous waste transportation” A.J.
Khatak et al 2003 (24). The objective of this study was to utilize GIS:and LiDAR"
elevation data to obtain information that.can lead geometric safety improvements
at highway intersections. . Intersection - safety. was analyzed. by. working on
intersection sight triangles, which are critical characteristics for safe intersection
operation. Intersection sight triangles -are. triangular. areas needed at each
intersection leg for visibility. Any obstructions coming within these sight triangles
will lead to unsafe travel conditions. . Intersections  are .designed with
recommended design consideration-to provide sufficient sight triangles. However,
subsequent changes in traffic.control (e.g.. all. way stop. controlled, 2-way stop
controlled), erection of utility poles, growth of trees, shrubs and hedges, and
installation of street furniture can result in obstructed S|ght tnangles

To lmprovrse the safety on hlghway and reduce the hazardous transportatlon anv
appllcatlon of nght Detechon And Rangmg (LIDAR) technology is used LiDAR
elevatlon data were utlllzed in Ilne of sught analysrs to obtaln mformatlon on S|ght
line obstructlons at six selected mtersectlons located on the IA1 comdor in lowa.
The results were further venf ed by the f eld valldatlon method of the eX|stence of

obstructnons detected dunng the analysus
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6.6.1:Methodologyand data characteristic: =" o fovo ot s
The basic methodology adapted for this research work is ‘shown in the figure
below. It consists of acquiring data from several sources and then combining
those data in geographic information system (GIS). The acquired data
constituted such as geocoded crashes, study area orthophotos, and Lidar
elevation data, which were combined in ArcView (ESRI) GIS software. Utilizing
the combined data, sight lines were evaluated to obtain information on
obstructions located within sight triangles at selected intersections. Results of the
analysis were then field-validated by visiting the analyzed intersections. The
study area and various data asquired for his research along with the processing

procedures are described next.

Geocoded crash dala LiDAR elevation data Study area orthophotos | |
h 4
... CombinedaainGIS, . . [———"—". .., . ...

v

r -Conduct line of sight amlysis J

v

T Frekdvalidate resuks .

..o - Figure 6.0 Schematic Diagram of Methodology of Research -An Application of Lidar .
B Technology fo Highway Safety” -~~~ "7

6.6.1.1 Study Area
The study corridor selected for this research passing through, Linn,and. Johnson . .
Counties, |A, consisted of the Northern section of 1A 1 Solon Bypass as shown in

Figure below. The study corridor has 72 intersections (include 43 highways). It .
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receives significant traffic during morning and evening because of its proximity to

the University of lowa.

U i i T o I [ ML N
[ -

S il |

f

e | I I 6= g %
X A

Figure 6.11 Study area corridor, IA 1Solon Bypass, IOWA “An Application of Lidar
Technology to Highway Safety”

6.6.1.2 Crash Data

To analyze the intersection sight distance of the selected study corridor, five year
crash data (1996-2000) from lowa DOT GIS Accident Location and Analysis
System (now called SAVER) in Arc View shapefile format was obtained. The
crash data of intersection with three or more crashes involving persons and
vehicles were extracted. This can narrows the research to the most critical

intersections, which has more accidents.

6.6.1.3 Data analysis

Out of the 72 intersections selected in the corridor, six intersections in the City of

Solon were selected for the line of sight analysis. The selection based on
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intersection crash frequency (three or more during the study period), older driver
involvement, Lidar <data’' coverage. The crashes at these: selected six
intersections appear to be off-the road but this is due to minor discrepancies in
overlaying the crash layer on the aerial imagery. All six selected intersections .
had stop control on the minor intersecting road. 1A 1 running North-South through
the City of Solon is named Market St. and it is the major road through the six
intersections. Its intersections with East Third St. and East Rock St. are 3-legged-
while the other four intersections are 4-legged as shown in Figure below. Line. of

sight analysis was carried out utilizing both the LiDAR first return and last-return

elevation data. .-

Figure 6.12 Selected Six Intersections and Crash locations “An Application of Lidar
Technology to Highway Safety”

6.6.1.4 Line of Sight Analysis
Line of sight of an observer is determined by a 3-D Analyst extension using a

TIN. An analyst specifies the location of an observer, the observer’s eye height,
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the location of a target, and the height of the target. Utilizing this input, ArcView
calculates if the observer has a clear line of sight to the target. If not, ArcView
identifies the location where the sight line is blocked. Line of sight analysis
capabilities of ArcView were utilized to locate obstructions within sight triangles
using TINs created from the first-return and last-return data.

Multiple sight lines were drawn in ArcView to identify obstructions within sight
triangles at the six selected intersections. A distance of 100 ft along the major
road was maintained between successive sight lines. Sight lines were drawn
over TIN themes starting at the stopped driver's position and ending at the
marked target position at 445 ft, and then at every 100 ft intervals along major

road of the sight triangles as shown in the figure

Figure6.13 Multiple lines of sight at 100-ft interval along the major road“An Application of Lidar
Technology to Highway Safety”

The light gray and dark gray portions of a sight line indicate the visible and non-

visible portions of the driver’s field of view. A dark gray point marks blockages of

74



sight lines: The distances between: the:dark gray ‘points-and the location of:the
driver stopped:on'the:minor road were measured:: i wrinads sl D e
The results :of:line of :sight-analysis indicated :66.-points-where sight ‘line: was:
blocked :while ‘sight.-lines through: three -intersection.-sight- triangles' were: not:
blocked.~Sinceé it is: possible that-a single ‘object: will -result: in the :blocking: of.
multiple::sight-lines: therefore, :the /66 *points : do:-not: necessarily -indicate ' the:
presence of 66 individual obstructions. To validate blocking of sight lines, the City:

of “Solon:- 1A was :visited -and - intersection - sight; triangles: verified using:video:

eqmpment.‘f:v SN et e Rl T e e R

6.61.5 Field Validation ™~ *77 0 T e
A digital video camera mounted 3.5 fton a trlpodand apassenger carwrth35ft
marked on both sides was used to verify sight line obstructions within intersection
sight triangles. The camera was placed at the location of the stopped driver on
the mlnor road and |ts herght (3 5 ft) represented the dnvers eye Ievel The
passenger car was dnven at a constant speed of 25 mph in each drrectron on the
_ main road and its motion recorded by the vrdeo camera. The 3 5 ft hrgh marked
srdes of the car represented a target of that herght Dnvmg the car at a constant
25 mph speed ensured that drstances could be calcu‘lated dunng vrdeo analysrs
by notlng travel trme of the passenger car After vrdeo capture |t was transferred

'..(., : fa

to a desktop computer for a frame-by-frame analysrs MGIs Vrdeo Wave 3

" u‘ el

(Roxro Inc ) vrdeo edltlng software was used to keep an accurate account of tlme

.
AR LaN}

elapsed durrng the video capture.
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Objects located within 445 ft of the camera that blocked the passenger-car were
noted and their distance from the' camera ‘calculated. This-calculation was based:
on the time it took the:-passénger ‘car to travel between the-object and the
camera: If theblocking object:was-found-to'be'in the approximate vicinity of the-
dark gray points in the line ‘of sight analysis, then it was assumed that the'line of
sight analysis . had ‘correctly -identified - an obstruction -in. the ‘intersection: sight-
triangle.

Most- of ‘the sight line blockings “identified. by the. line of -sight. analysis were:
validated either as obstructions or as potential obstructions. Some of the actual.
obstructions validated included tree trunks, utility poles, and utility
appurtenances. Potential obstructions primarily consist:ed_cf.cv‘er‘hangin‘g Etreez

branches as shown in Figure below

Video validation

Confirméd Daconfimmed | o s
. T T Identified 6 . 3
© | Line of sight analysis” [ Notidentified | 3 o

Flgure 6 14 conf rmed and Non-conf rmed snght Ilne obstructlons “An Apphcatlon of lear
' o .. Technology to Highway.Safety”. . e e

6.6.1.6 Fmdmgs of the study

The objectlve of thls study was to |Ilusttate the use of lear elevatlon data to
obtaln hlghway safety—related lnformatlon by taklng |nto consnderatlon
mtersectlon safety Usmg lear data on potentual S|ght dlstance obstructlons at
six selected lntersectlons and then vahdatlng the results by wdeotaplng in the

f eld conducted llne of s:ght anaIyS|s Results venf' ed that about 90% of the
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potential and actual obstructions: were: correctly - identified by: the line of sight
analysis.

Line of sight analysis is useful for detecting intersections where drivers might
have trouble due to potential sight obstruction (overhanging tree branches) in the
intersection sight triangles.

Lidar is beneficial finding in safety analysis and other applications like flooding
mapping, vehicle-collision prevention systems, speed enforcement, and area

wide vehicle emission estimation and railroading route location. It can also create

a false color imagery to identify features of varying degree of quality.

6.6.1.7 Shortcoming of the study

o Cost-benefit analysis could be a significant factor while evaluating
the benefits of Lidar technology, in the presence of other altemative
methods like video/photo log analysis, safety audits.

e Obtaining Lidar data and aerial images simultaneously would
enable analysts to detect obstructions such as on-road vehicles in
the analysis thereby reducing the detection of false obstructions.

e The impact of bositional inaccuracies of Lidar (up to one meter,
horizontally) is important on the identification of sight triangle
intersection. The effect such inaccuracy has on the triangle
depends greatly on the overall size, density and location of the

obstruction with respect to the driver’s eye. The closer the object to
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- the ' driver;the -more: field of:view: potentially obstructed and the:

more difference a positional inaccuracy will create.

W et o
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Conclusions =~

Hazardous waste is a real threat to human |rfe lt has negatrve rmpact on the
envrronment and the human health |f rt is not properly controlled and managed
The effects of hazardous wastes have a drfferent dangerous effect The

hazardous waste generally contarns dlfferent substances such as metal

e ~l L. L w:-‘.‘..-\n-: kR

chemrcal pestrcrdes organrcs |norgan|c solrd Irqurd and gaseous and

L

sometlmes combmatron of some of them but the brggest threat comes from the
chemrcal wastes evolved from the contammated ground water Hazardous
wastes have the most important potential environmental lmpact“ In the past few
decades, throughout the country, the concern for hazardous waste has grown
tremendously due to the danger that threatens public health and the
environment. In response to this concem, many legislatives and potentials have
designated to control the wastes hazard problems. Generators, transporters, and
handlers of the hazardous waste are playing the most important roles of reducing
the hazardous wastes problems. Generator, are the institutions which produce
the wastes whether manufactures or non manufacturing, which known as on-site
wastes hazardous waste management which present 80 - 95 percent of
hazardous waste volume, about 5-20 percent of hazardous waste are
transported to off site waste hazardous facilities. There are different modes of

hazardous waste transportion (highway, railway, air, water) and each mode has

its own regulation and specifications.
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There are 25% of people in the emergency ‘response have adequate training to

meet a hazardous materials emergency (30).

Geographrc mforn'ratlon systems (GIS) represent a technology wrth consrderable
potentlal for lmportant apphcatrons in transportatlon engrneenng One of the most
|mportant applrcatlons of the GIS |s to utlllze GIS to mlmmlze the potentlal |mpact
of hazardous waste transport shlpment acmdents GIS |s a powerful tool |n the
analysus and desrgn of transport routmg networks Its graphrcal dlsplay
capabrlrtles allow not only vrsuallzatnon of the drfferent routes but also the desrgn

of the road network
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