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1. anUsunauveads (Waste reduction)
2. andunsevaady (Hazard reduction alternatives:)
N139ANITULALNISANAATY (treatment and disposal)

3. MIMINAWAYNT & NTALALNIINTEINY
(Ocean use: disposal and dispersal)

4. wnaananliladinisaugu (Uncontrolled sites)
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1. Waste reduction alternatives

1.1 nMsAnLENALAEas Source segregation
1.2 nmsiasundasnseuiun1snan Process modification
1.3 nMsnauwnuxande End product substitution

1.4 msfunay/viseuussuuaninduunlyln
Recovery and Recycling
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Physical separation:
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o
ation:
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Flocculation:
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solds logeder which are dvded sl indusiry
oassy seied
Wsum'unm Practiced commar Compettive with Siiration  Liquidiquid or ligutisclid  Fairly high s Paints
ceninfugal orce causes. caly for smat L e olwater
weparation by dfferont scale systoms resins. pgments fom
densites lacquers
mw
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matenals at dierent achiavable (39 + mmnm

concantrtions] of several
companents
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is. contc soda compensnt - achivitin
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Technakogy/seicripton Stige of_duwwlopment iEconomics Types of wasto itre Soparation _efliciency Indusirial_appecations
Etectro
eparion o posievey Commarcial scheology, Degondent on concentrations Heavy metals; ions from Good Motal plating
negatively _charged ol appled 1o recavery Bquscus MokBON.  COpper
maberieh b apnu.anm o of hazadous maserials -
Cataiusn  stacrpsion
Drascived malenals Froven for theemal PRatatively costly :—wul Omasicalnomancs  %om  Good, oversd sflectversss  Phencics
selectively absorbed in reganeraton of mgengraton suecus souons with kow  dependent on
carton of rsing. caton; loss practcal  intensive concentratons, Lo, phencls  fegeeeration  method
Abscrterts must b for swcevery of
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Soheertexin
Sobvent. used y  Commonty Relabvely high costs for  Crganic houids, phencis, ackds Fairly bigh loss of soivenl  Recovery of dres
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liquid from waste haadns wite problem
Chemical transformation:

Precipitation

me reacwums Camman Relatrvely Fegh costs Lime shumies Good H«I-M warteaater
foemation of soldswhech aeatmant
Elnnmanr,su
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current applied to
enhance ionic movement

2. Hazard reduction alternatives

- M5 Thermal and/or thermal treatment
- n1sidsnau Landfill disposal
- Msilanaudugs Advanced landfills, injection wells

- NSM5I9EEUNSIMa Indirect monitoring, e.g.
aquifer contamination

- ANSIRNNSULEE Waste water treatment:

chemical, physical, and biological

Chicrinolysis:
Pyruiyiss in sAmosphars of  Commeecialy used i bulicent US. market for  Chirosarbon waite [ Carton  eteachionde
0xCoss chioring Wast Garmany tarbon trirachinde manulacturing
Onidative state of chemical  Commercialy appled  Inexpensive Metals, mercury in dits  Good Chrome-plating sclutions
anged Bcugh chemicsl D chromum; may sireams. and tanning operations
red addtions!
treatment
Chamical duchicenation
Resgents selectvely sfack  Common Modomiely  expensive PCB-contaminated o Hgh Transtormar ods
carbon-chionee s
Thermal cdaton
Tharmai eers wersicr of Extensivety practoed  Relotvely high Chiorinated organk: bquids:  Flirly high Fiscewery of sultur, HCI
ool sihver
Tood imphes 50 13 B0 paent eficancy, darty hgh mples 80 perment, and vy hgh Imples 3 pement
BOURCE. Ofice of Techogy Assssrrari
Figure 8.— Injection Liquid Incineration
Scrubbed
gases
Liquid waste ~

Dispersion stack 5

Sy Ttund

if required

Atomizing gas
combustion air- _

Asuenlngilue1nia

Makeup water

Residue
Water treatment

ANSMADUATANYYDILAY

Figure 9.—Molten Salt Process
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Figure 10. lized Depiction of a Waste Landfill Meeting Minimum Federal Design Criteria
Final cover with sloping surface Bulk Drummed
. for surface drainage, vegetative solid waste
Leachate 612 cover, middle drainage layer and  waste and

collection Intermediate oy permeability bottom layer solidified

sump pipe COVBT =Separator berms
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(Injection well)

Industry fype Percent
Chemical and  allied  products .
Petroleum refining. . . ... ......... .20
Samitary service . . . . . . . L8
Ol and gas  extraction [
Primary metals . . . . . . . . . . . I
] others . . 1

Figure 13.

ic of Typical

Method for a Deep Waste Injection Well
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WRCE: R B Pojssek, Tous wnc Hararcious Waste Disposal, vol. 4, an sor
Scince. 1980
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3. Ocean use: disposal and dispersal
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4. Uncontrolled sites

- unasndsldnunasiinsanUdesansdganimiindenuslidaindunsie
- wrasflaifinnsldau (Fu/Suveadeiiulils) uwiddpinsivaaulussey

- unasngnitavsevdeslvisnvizednisnsianguine

- msdan1sTusgivaniunisal Anudunsievesasiail? Inaunanin?

nsaiAnwn Case studies

- Chernobyl, Ukraine (ex. USSR)
- Fukushima, Japan

- BP oil spill, Gulf of Mexico

- Smethwick fire, UK

- West Texas Fertilizer Plant
Explosion, USA

26 April 1986
11 March 2011
20 April 2010
1 July 2013

17 April 2013
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waauiwedss Nuclear Power

Nuclear fission
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Issulihilaedes Nuclear power plant

1. Fuel Rods

2. Uranium fission
3. Water - steam
4. Turbine

5

Yaus . Steam = water
o m o o . uhudoma

. Uranium #asu

. 1h > lerh

. iniseaiiulilih

e D h
280°C — Normal

1,200 °C — Meltdown!
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wiawawae fuel rods

fuel rod assembly

fl&lé"el
S

3.6 mlong

wisauau Control rods

aaa aaa

anufnawn (COOL) Lﬁuﬂ{]ﬂiﬂ’l (HOT)

Can absorb neutrons
without fissioning themselves

80% Ag, 15% In, and 5% Cd alloy

AMSUASULINTY DN

Rods are in “heavy” water, D,O aka deuterium

Normal water, nucleus = 1 proton
Heavy water, nucleus = 1 proton + 1 neutron
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nMsdnfiuwiademddiiduds Spent fuel rods
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Spent fuel rods reprocessing

- wan Plutonium een Tdludmlsenausedniiuades
- andsums Uranium Tilssas d1edan1sdnnis Ussndadiun
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(Plutonium)

97%
(Uraniu (Urani Reuseable
material

Uranium fuel Spent fuel

5 \ Feact
Concrete shell 1~ : b essel
“drywell” . rh B

Secondary
containment

2013-08-28



What went wrong?

-Reactor 4 at Chernobyl consisted of about 1,600
individual fuel channels; each required a coolant
flow of 28 metric tons (28,000 L) per hour

-Testing of low power output
-Human error, power dropped to 1% instead of 30%
-Emergency shut down, all control rods lowered

-Control rods were graphite tipped, as they entered
the core a power surge occurred

-Power surge - increase steam = explosion

Aeozlstu?

- wnufnsal 4 duviadeinds 1,600 uiy Fesiaansunusunn 28 fiu
(28,000 &) Aotaluslunisvirlimdudn

- IgfimanaaeunsufoRmuidondanus (ildv)

- fenuauvhauRanana Uiundanusndisedu 1% (msasdu 30 %)
- gampiiisdugaAuly ssuulianadurhaulaiiy

- igan1svhaugnidu wismaussiamagrldlulunUinsed

- wismueud graphite wdeuvane viliAalinszanidiodgnn
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Fukushima Daiichi Nuclear Disaster
11 March 2011

2013-08-28



What went wrong?

- Control rods rose into reactor to stop fusion
- But fuel rods were still hot
- Power outage after earthquake, water pumps dead

- 2" emergency, diesel powered generator sprays
rods with coolant

- Tsunami hits, emergency generators stopped

- 3rd safety converts steam = water to cool the rods,
but water levels were low, temp. still rose

- Emergency sea water pumped in
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Anaglstw?

- usiuAulm Fuit 11 funeu vganmsvihaulaguvismuay

- wiuwiadeindsdousy

- Itihduvdsnnusiudulm duthlaivinny

- Backup 2, wiessusiuiufisarhaudatidnginndinaal

- Tsunami hits! in3essudfeangariam
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a ?S’ [ Y 1 a L1 1 a a
- finsnenewguinmzialudgniuinsed 4 usaedull..sude
Jud 15 Juau

Fukushima Dx

srevect® mulaton of ydroges, which i susoecied of
cauang expiosons of ofher uaky

Other fuel stored at the plant

- Cantaining mece Ban 50 percent of fhe punrs ful, B e fuel
W UL.5. Ravy barges shauid o0l new bk pawer. On Tharsday, witer IAErtines o3 1o 123 degross.
rhach Dalohi this woskead, whire Fanieehet whes coting pumod e 5 Sowra 15 Swith 1 aflake power

ey il provide the plant wih

£01,500 paleas of freshwater Common spent fued poos 2007 tons

Dy storage spore fond [ 0 10ms

2013-08-28



