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AMMEAN (31.) U

0-1 Gravelley Sand: Dark brown, Gravel (10%) grain size ranges from 10 to 20
mm, angular to subangular, poorly sorted, composed mastly of rock
fragments. Sand (90%) fine to coarse grained, subangular to subrounded,
poorly sorted, composed mostly of quartz with some rock frasments and

mica.

1-2 Sand: Gray, fine to coarse grained, subangular to subrounded, moderately

sorted, composed mostly of quartz with some rock fragments.

2-3 Clayey Sand: Gray, Clay (309) moderately plastic. Sand (70%) fine to coarse
grained, subangular to subrounded, moderately sorted, composed mostly of

quartz with some rock fragments.

3i-4 Sandy Clay: Gray, Sand (309%) fine to coarse grained, subangular fo
subrounded, moderately sorted, composed mostly of quartz with some rock

fragments. Clay (709) moderately plastic, red mottled.

4-5 Sandy Clay: Gray and reddish brown, Gravel (109} grain size ranges from 5 to
10 mm, angular to subangular, poorly sorted, composed mostly of rock

fragments. Sand (40%) fine to coarse grained, subangular to subrounded,

poorly sorted, composed mostly of quartz with some rock fraements. Clay
(50%6) moderately plastic.

WI3EHLAAS TUN A UIN WIS sieas tuiasilHiieinnsg
- 4 — - - Awan () pH Amstlaidumng (uS/cm)
auAn () | AnoAsaudnhdusy (vuAni) My | seduthlddy () — - —
0-5 6.4 1.1 59 4.5 57 293
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AMuEn (u.) HUAY
0-1 Clay : Dark gray, highly plastic.
1-2 Clay : Dark gray, highly plastic.
Z2-3 Clay : Dark gray, highly plastic.
3-4 Clay : Dark gray, highly plastic.
d-5 Clay : Dark gray, highly plastic.

W51 A IUAIAIUIN

AwEn (1) | Anedvaradnhsusig (s AT seAuni ARy (o)

0-5 03 35 25

wWIssiteastuiavilfiicing

ATINEn (W) pH Arnradrldigumag (ms/em)
0-1 50 222
4-5 6.5 3.59
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0-1 sand; Dark brown, fine to coarse grained, sub-angular to sub-rounded, poorly
sorted, composed mostly of quartz,
1-2 Sand; Light brown, fine to coarse grained, sub-angular to sub-rounded,
poorly sorted, composed mostly of quartz,
23 Sand; Light brown, fing to coarse grained, sub-angular to sub-rounded,
poorly sorted, composed mastly of quartz.
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AMuEn () pH arnrsthndadumnz (uS/cm)
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0-1 Clayey Sand; Brown, Clay (20%) slightly plastic. Sand (80%) fine to coarse grained,

sub-angular to sub-rounded, poorly sorted, composed mostly of quartz.

1-2 Clayey Sand; Brown, Clay (20%) slightly plastic. Sand (809%) fine to coarse grained,

sub-angular to sub-rounded, poorly sorted, composed mostly of quartz.

2-3 Clayey Sand; Brown, Clay (109%) slightly plastic. Sand (90%) fine to very ccarse
grained, sub-angular to sub-rounded, poorly sorted, composed mostly of quartz

with some rock fragments.

3-4 Clayey Sand; Brown, Clay (1096) slightly plastic. Sand (909%) fine to very coarse
grained, sub-angular to sub-rounded, poorly sorted, composed mostly of quartz

with some rock fragments.
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0-4 33.2 1.1 225 0-1 6.9 26

3-4 5.6 14
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N159ANTSLANUNIARY (Managed Aquifer Recharge, MAR)

fvane Ui uuTuagdnuuenIeeItiine) annssaiive) giusema msiinny wazinguseasduas
nsldiladiu Usenaume

1 msdudRudaiIuIaassavaniveininuLasgunauduanld  (aquifer storage and
recovery, ASR) tJuismssnumiuvetuimaativluguiuimassavanianiuinllugguds
YIDYILIANNNBINTT

2 MsuRNEUUBLAY (dry wells) Wuusiiay WWulngendeawselounig

2
U

3 nsiRUEUEeEudn (recharge weirs) LunisaniviiRuielmlvaduasdiuiilany

< = % o o [ o Y] Y 1 1 1 &
4 nSNULNYIUINY (rain water harvesting) 1 UUNISTIVTINUINUINANRAIAT WAIAINDAIUDNID
MUY

5 nsgulintunznaunfuliun (riverbank filtration, RBF) Juisnisnsziunisiiaduvesin
nurasRIAulradtunleny Tngltinannuddl wasn visensiadny

Y
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6 szilaaAnu (infiltration galleries) l93sanymedannyudamenu SuihivuasUaaeruunsaliy
slvduasglanu

7 nMaiRUEIuauNIIY (dune filtration) Wunisinineumands bank filtration weldinanase
uisowsunainuuwidunsesuaguinvuluiniuld

8 NsLANUIHIUESE (infiltration pond) WJun1sasneaseunlunNuANaNzan BN UNNITTUNIY
warUSu1uN1sRLNIN

9 msiutwazUrlnruTuRuLasTURUdNUY (soil aquifer treatment, SAT) Junslaun
vyuguiunsidenlasunsuiuussnunmiaUdeslidudiuasy  welihduasladu  lag
oA tuRutuiuduirisnsaawasUsuuInunmnuszes iUl lraniy wdagunauvunildlng

10 Wauldnu (underground dam) tJu3TN1saS19B1NUTNLAAY 1AEA1TASIHTANUYINWEUNS
nshravesiiuinia esnszauliwaziiuysnanhindubildluiungeursensvarsenu Tuas
NaNFBINS YU
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11 Wauns1e (sand dam) Huisnsiuinlildau lneadaredniiuasasneunseliviienun
PFUAUNTIETIUTIUaNAURgNUINeaNAIT tnglaniluusuAtuAuns1gsumaliiuaudeg
vututuLiawy

1 v < < ad 1 %)I = = 1 < %)I 1
12 N1338UN8INUNAINNNAY (recharge releases) LUUITNNTUFDYUINNUBDUNTIDNUNUUDE

by, P v fw

9 NFuRusAuUSInamsiraduvesiiasgtuinisessuagiiuans

12 4
U

n1sRNUIlAAUIEAUAN Wi ASR, ASTR azilunisiudndngruiiuinialaense ldriuguinly
dUAINILUT (Unsaturated zone)

nstaudnIdfusEAURY Az TunSIRNUNNIUTUN LD UGA1
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Southeast Salt Lake County, U.S. I1 e Lz]l |
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Artificial Groundwater Recharge Demonstration Project I% ]
PROJECT :
(1990 1994) WEAL
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L FIGURE 2

LOCATION MAP OF SOUTHEAST SALT LAKE COUNTY

U.S. Bureau of Reclamatio
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Table 1.—Actual injection cycles Table 2.—Actual recovery cycles
Average injection flow rate Average recovery flow rate
(gpm) (gpm)
Injection Injection Recovery Recovery
season volume season volume
(acre-leet) (acre-feet) Well I-1 Well VR-2 (acre-feet) (acre-feet) Well -1 Well I'R-2
1991.92 636 920 910 1991-92 1,125 1,800 2.200
1992-93 674 880 900 199293 772 1,800 2,070
199394 1437 O 840 780 1993-94 <968 O 1,800 2,000
Total 2,747 Total 2 865
\ / U.S. Bureau of Reclamation (1994)
Useaned 1.8 81U aU.4l. Uszunas 1.2 414 au.4l.
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WICHITA ASR,

https://www.google.com/url?sa=i&url=https%3A%2F%2Falberici.com%2Fprojects%2Fwichita-water-aquifer-storage-recovery-a
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- Laboratory column studies
- Field infiltration trials

- Geochemical and isotopic
investigations of recharge sources

- Geochemical characterization of soils
- Groundwater modelling
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Pesticide / Fertiizer Application
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Crop Dusting
Construction / Urban Sprawl

Ferttizer / Manure Spreading
Septic System

_Local Land Use Decisions

Protected Wetlands
Water Table

B\ Deep injection Well
Saturated Zone

Industrial Releases
To Alr & Water

Industrial Wastewater
Discharge
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~ Drinking Water

Storage Tower
Future Source Of Drinking Water - N finiog Leyer
Private Drinking Water Well

~Ground Water
Ground Water Flow

; Treatment Plant
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Infrastructure Hepair, :
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! - . ) 3 > V' “Source Water Protection Area
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MULTIPLE RISKS REQUIRE MULTIPLE BARRIERS

Sate drinking water is essential 10 the health of American citizens and the economic -
health of our communities. However, drinking water is vulnerable to contamination Naticl Service: Stasan
jrom many polental fvesls. Thete are programs and ackites hat when operaled Surtace Water Treatment Plant
effoctively form a protective webd of multiple barriers 10 ensure the safety of our et R K
drinking water, The success of these barriers relies on the involvement and viglance of

Boat Marina Debris
local, state and federal officials, the private sector, publc interest groups and
Individual citizens,

Fresh Water Aquifer

Drinking Water Intake
This poster identdies examples of
1. Suriace and groundwater sources of drinking water (in blue),
2 Potential threats to those drinking waler scurces (In red), and
3. The multiple barmiers that together protect our nation's pubic health
Risk Proventon Barrier
anagement Barriet
nitonng and Compliance Barmes
Individual Action Barrer

Storm Drain

in green)
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Safe Drinking Water Hotline ~ (800) 426-4791 Safewater Web Site - www.epa.gov/safewater
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Aadunsawazang (pH) +0.10 %8 %30 +3 - 5 %

aninilwi (Conductivity) | £10.0 m/cm %39 3 -5 %

9aunni (Temperature) +0.1 °C 50 +3 - 5 %
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81999011 Standard Methods for the Examination of Water and Wastewater, APHA, AWWA and WEF 23 Edition, 2017
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1. lHaNAILNUVBIRI819AU Hand Auger lnzaslulufudnuszanal 15 wuuns tnualegrsfudnsuinsnzi
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Preservation: Cool to 4°C (ice in cooler)
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0-1 Sandy Clay; Dark grey, Gravel (5%) grain size ranges from 2 to

ANWSIUAY

3 mm, sub-angular to sub-rounded, poorly sorted, composed
mostly of quartz with some Mica. Sand (10%) fine to very
coarse grained, angular to sub-rounded, poorly sorted,

composed mostly of quartz. Clay (85%) moderately plastic.

1-2 Sandy Clay; Dark grey, Sand (10%) fine to coarse grained,
angular to sub-rounded, poorly sorted, composed mostly of

quartz. Clay (90%) highly plastic.

2-3 Sandy Clay; Dark grey, Sand (10%) fine to coarse grained,
angular to sub-rounded, poorly sorted, composed mostly of

quartz. Clay (90%) highly plastic.

uEe : WeleieeduANAn 2 wns wussduilany uazdlalnnzsoutisseauadudn
3 e ensisessimquiazaulianansaiaigsele

A2MuEn , . . P A2UuAN . . Y -
o) pH ArmsulddrEwag (uS/cm) ANUTY o) ANRAYAIULIIUIGUNIY (YL./UIN)
4. 4.

0-1 7.5 381 1.9 0-3 2.2
1-2 7.4 295

2-3 7.1 388



7.4
7.5
7.4
7.4

Arnsi AW (uS/cm)

458
770
953
981

&
ANUYU

2.6

ANEN .

o) YUAY

0-1 Gravelley Clay; Brown, Clay (10%) slightly plastic. Gravel (20%) grain size
ranges from 2 to 10 mm, angular to sub-rounded, poorly sorted,
composed mostly of quartz with some rock fragments. Sand (90%) fine
to very coarse grained, sub-angular to sub-rounded, poorly sorted,
composed mostly of quartz.

1-2 Sandy Clay; Black, Sand (10%) fine to very coarse grained, sub-angular to
rounded, poorly sorted, composed mostly of quartz with some rock
fragments. Clay (90%) highly plastic, dense.

2-3 Sandy Clay; Black, Sand (10%) fine to very coarse grained, sub-angular to
rounded, poorly sorted, composed mostly of quartz with some rock
fragments. Clay (90%) highly plastic, dense.

3-3.5 Sandy Clay; Dark brown, Sand (10%) fine to medium grained, sub-angular
to rounded, moderately sorted, composed mostly of quartz. Clay (90%)

highly plastic, dense.

P = o = o % gya a ' = o =
ewAg : Walnzlieszauaudn 3 was wussduinldau uaslisnizdeautisszdualnudin 3.5
was ian1snsvasnteavaaanzaulianunsazsald

A2WEN 4 < ¥ a .
@) ANLRAYAINULIIUIYUNIU (FU./UIN)
.

0-35 3.8
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a % A [ = =~
m’i?!ﬂ’ﬂ%‘iﬂ?ﬂ!ﬂ’im!!ﬂiﬂﬂ’iuﬂ‘ﬂﬂﬂﬂ-!!ﬂﬁﬁ!ﬂﬂiﬂim‘ni (Gas Chromatography-Mass Spectrometry;
GC-MS) 999 VOCs

GC Condition

GC Column : DB-5MS UlI, Size 30 m. x 0.25 mm., Film 0.25 um.
Injector type : PTV
Injector Temperature (°C ) : 290

Injection volume (uL) : 2

Carrier gas flow (mL/min) : 1.0 Oven temperature programme

Initial - 50 0.50

1 10 300 2.00
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MIAATZHINEAIBWNTIATHINNIIN-
unaadnlasns

(Gas Chromatography-Mass Spectrometry;
GC-MS) U849 VOCs

MS Condition

lonization mode : El

Scan type : SIM

Polarity : Positive ion mode

MS transfer line temperature (°C ) : 290
lon source temperature (°C ) : 250

Calibration standard concentration (ppm) : 4, 10, 20, 30, 40

Tetrachloroethene 129, 164, 166
Styrene 78, 104, 103
Methylene chloride 49, 84, 86
1,2-Dichloroethane 62, 64, 98
1,1,1-Trichloroethane 97,99, 117
cis-1,2-Dichloroethene 61, 96, 98
trans-1,2-Dichloroethene 61, 96, 98
Carbon tetrachloride 117, 119, 121
Toluene 65,91, 92
Ethylbenzene 77,91, 106
1,1-Dichloroethene 61, 96, 98
1,3-Dichloropropane 41,76, 112
1,2-Dichloropropane 63, 76, 112
1,3-Dichloropropene 75,77, 110
Vinyl chloride 62, 64
Trichloroethene 95, 130, 132
Benzene 51,77, 78
m-Xylene 91, 105, 106
p-Xylene 91, 105, 106

~A_Yv/Iiana

01 1N0E 1NA
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msaamwﬁmmmmumﬂmuﬂﬂnﬂw-gmamﬂnimmm (Gas Chromatography-Mass Spectrometry;
GC-MS) Y949 PCBs

GC Condition

GC Column : DB-5MS U, Size 30 m. x 0.25 mm., Film 0.25 um.

Injector type : PTV

Injector Temperature (°C ) : 290

Injection volume (uL) : 2 Oven temperature programme

Temperature
Carrier gas flow (mL/min) : 1.0 # |Rate (°C/min ) €o) Hold time (min)

Initial - 80 0.50

1 10 300 1.00
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(Gas Chromatography-Mass Spectrometry;
GC-MS) v949 PCBs

MS Condition

lonization mode : El

Scan type : SRM

Polarity : Positive ion mode

MS transfer line temperature (°C ) : 290
lon source temperature (°C ) : 250

Calibration standard concentration (ppb) : 1, 10, 25, 50, 100

Product ion Collision
Compound | Precursor ion (m/z)
(m/z) energy (V)
PCB18 256 186 22
PCB31 256 186 22
PCB28 256 186 22
PCB52 290 220 26
PCB44 290 220 26
PCB101 323.9 254 22
PCB118 323.9 254 22
PCB149 290 220 24
PCB153 290 220 24
PCB138 290 220 24
PCB180 393.9 323.8 22
PCB170 393.9 323.8 22
PCB194 427.8 357.7 24
PCB209 497.8 427.6 26
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msaamwﬁmmmmumﬂmuﬂﬂnﬂw-gmamﬂnimmm (Gas Chromatography-Mass Spectrometry;
GC-MS) Y943 Alkane

GC Condition

GC Column : DB-XLB, Size 30 m. x 0.25 mm., Film 0.25 pm.
Injector type : PTV
Injector Temperature (°C ) : 300

Injection volume (uL) : 2 Oven temperature programme

, _ H Rate (°C/min ) |Temperature (°C)| Hold time (min)
Carrier gas flow (mL/min) : 1.0

Initial - 50 1.00

Run time (min) : 15 1 20 325 15.00




mmneidmaseadalasaninnsil-
unaadnlasuns
(Gas Chromatography-Mass Spectrometry;
GC-MS) Y943 Alkanes

MS Condition

lonization mode : El

Scan type : SIM

Polarity : Positive ion mode

MS transfer line temperature (°C ) : 290

lon source temperature (°C ) : 250

Calibration standard concentration (ppm) : 0.001, 0.01, 0.1, 0.5, 1, 5, 10, 20

Compound Product ion (m/z)
n-Undecane 43, 57, 71, 85
n-Dodecane 43, 57, 71, 85
n-Tridecane 43, 57,71, 85
n-Tetradecane 43, 57, 71, 85
n-Pentadecane 43, 57,71, 85
n-Hexadecane 43, 57, 71, 85
n-Heptadecane 43, 57, 71, 85
n-Octadecane 43, 57, 71, 85
N-Nonadecane 43, 57,71, 85
n-Eicosane 43, 57,71, 85
n-Heneicosane 43, 57,71, 85
n-Docosane 43, 57,71, 85
n-Tricosane 43, 57, 71, 85
n-Tetracosane 43, 57,71, 85
n-Pentacosane 43, 57, 71, 85
n-Hexacosane 43, 57,71, 85
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(Gas Chromatography-Mass Spectrometry;
GC-MS) Y943 Alkanes

MS Condition

lonization mode : El

Scan type : SIM

Polarity : Positive ion mode

MS transfer line temperature (°C ) : 290

lon source temperature (°C ) : 250

Calibration standard concentration (ppm) : 0.001, 0.01, 0.1, 0.5, 1, 5, 10, 20

Compound Product ion (m/z)
n-Heptacosane 43, 57,71, 85
n-Octacosane 43, 57,71, 85

Nonacosane 43, 57,71, 85
n-Triacontane 43, 57, 71, 85

n-Hentriacontane 43, 57, 71, 85
n-Dotriacontane 43, 57,71, 85
n-Tritriacontane 43, 57, 71, 85
n-Tetratriacontane 43, 57,71, 85
n-Pentatriacontane 43, 57, 71, 85
n-Haxatriacontane 43, 57, 71, 85
Heptatriacontane 43, 57, 71, 85
Octatriacontane 43, 57,71, 85
Nonatriacontane 43, 57, 71, 85
n-Tetracontane 43, 57,71, 85
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a2q 9

a ¢ Y A o = ) . < A A
UATIZHAGAT BN IATUT INNTIA- High Performance Liquid Chromatography, HPLC uasosuenly
) v A Jd a A A 1 . . 1
ETTHTIJ’JL?]’iwﬁﬂij‘iJ"ll’E]\‘itTﬁ‘]JiZﬂE]‘IJ@uﬂifJVlthi%LWJ (Non-Volatile Organic Compounds) 130 nau

a A da Y . . .
#1515z neUBUNT eNaINITDILMe 191114na19 (Semi-Volatile Organic Compounds)

HPLC Condition INLazden
HPLC -Shimadzu HPLC -Shimadzu 10ADvp series
HPLC Column Shim-pack IC-SA2 (250 mm L. X 4.0 mm I.D.
Mobile Phase 10 mmol/L Na2CO3, 10 mmol/L NaHCO3
Flow rate 1.2 mL/min
Column Oven: 40 °C
HPLC Detector UV 530nm
Injection volume 5 L

66
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. Rainwater Harvesting Tank

Atlantis® Drainage Cell

Atlantis® Matrix® ‘gai':esda o
Filtration Tank Modules (r:; ﬁnes)n
Unit (small)

Geotextile
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RAINWATER HARVESTING SYSTEM

RAINWATER HARVESTING SYSTEM
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UNDERGROUND RAINWATER TANKS

UNDERGROUND RAINWATER TANKS S£UULNALNTARY
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SOIL & GROUNDWATER REMEDIATION

v

UNDERGROUND RAINWATER TANKS S£UULNALNTARY
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(STABILIZATION AND SOLIDIFICATION)
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Tuauazua

FANAN

(Bioremediation)
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In Situ Treatment

Ex Situ Treatment

Chemical Oxidation

Electro kinetic

Separation
Soil Flushing

Soil Vapor

Extraction

Chemical Extraction

Chemical

Reduction/Oxidation
Separation

Soil Washing
Solidification/Stabilization




In-situ treatment

Reagent is injected and occupies set volume

Water Table

Vv

Injection itori
JWeII /—Moc\llt;:mg
Spread of
Reagent
Screened .
- Residual
Section DNAPL

Aquifer

Contaminated

Groundwater Flow Direction —>

https://frtr.gov/matrix/In-Situ-Chemical-Oxidation/




Contaminant treatment
system

In-situ treatment

Conditioning of
anode solution

A

Anode | Cathode
| ]

Fluid circulation
system

https://www.intechopen.com/chapters/42061

Contaminant treatment
system

Conditioning of
cathode solution

Fluid circulation
system

Electro kinetic

Separation




In-situ treatment

.- Spray Application

Soil FLUShing """ - Pump Pump

Flushing
Additives

Groundwater
Treatment

Water Tahle

Groundwater
Extraction
Well

Contaminated Area

Leachate
Collection

L ow Permeahility Zone

L water (usually with flushing additives) is sprayed over land or injected into the ground to
enhance the contaminant's solubility.
L The water table rises allowing contaminants to leach into the ground water for their extraction & treatment.
M Generally of short-medium-term duration.
L Enhanced by flushing with surfactants (Cosolvents).

q7'i:m: http://learnbioremediation.weebly.com/soil-flushing.html



In-situ treatment

Soil vapor extraction Famod PrOAU FALCE 500 it

10 hp blower and Vapor Control Valve

4 soil vapor extraction (SVE) is an in situ remediation

Moisture Separator

strategy used to clean up contaminated soils. S
L An SVE vacuum pump (blower) is used to apply
vacuum to vertical or horizontal screened
extraction wells
installed in or near the contamination source.
L Air moves through the soil volatilizing : e
contaminants dispersed above the water table. ' |
O The vapor is pulled into the SVE well and

discharged from the blower to a treatment device. SOLAAEOR EXTRACTION [SVE) o

Aun: https://www.falmouthproducts.com/soil_vapor_extraction.html



Ex-situ treatment

MsuefunsetnlafussnaNEraIlLauNUUn

Aboveground

Treatment System
(e.g., Air Stripper +

Groundwater
—_>

Source

Activated Carbon)

. AU

75a19AU (soil washing)

lagnsaunsienlenusau (thermal

desorption)

aNARUAI8EITAZANY

. UnlAnu

Pump and treat
UV/Oxidation treatment process
andunletuiuiud(activated carbon)

Ozone



n1saAduAIBaIUNNIuA (Activated carbon adsorption)

wialulagn15i1Uuan1enIgnIn How Activated Carbon Works

air flow / clean air out
the MICR

N\

Mechanism of Adsorption: o @g\k "
L4 ‘ :'1.‘
Step2 : Migration into % d
) Pores of Adsorbent
Szips:)rbe?::' 23‘32!3 Water vapor Step3: Monolayer Buildup
of Adsorbate [
- 4 5
.' P A .
/ % o * e o
P ‘q o
contaminants v )
\ ® contaminants are
i . absorbed and trapped
1 2ol N within the pores as air
flows through the
/ substrate
activated carbon medium

s https://oseven.in/files/598f488051f00.pdf



Ozone - Oxidation Process

Atmosphere

Ozone meter online

Rotameter /Lamp uv

seuvupanatualglalau (Ozone — Oxiation Process) Waterproof in
= o v _a a o aa " glass
AnsgUIUNISIIANaULAY LalguazanRnaanN1FEsNians _
naliinnau Weasndlad (Oxidize) a15niinau Inelalwuy
“ e o o o o e Ozonator - ———TiO,
Wuansitinuauifiluieendladegnauss (Strong Oxidizing) .
) . a o . —Agitator assembly
VI R INAESNNAWLIDAN9AY
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n1seanTnTuNNunNvaslnmitlsulaaanlyn (Photocatalytic oxidation)
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h* + OH  — OH -
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In Situ Biological Ex Situ Biological Treatment

Treatment

Bio piles

« Bioventing Composting

« Enhanced Bioremediation Land farming

« Phytoremediation Slurry Phase Biological
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fan: http://bioprocess.pnnl.gov/Pump-and-Treat.htm
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