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@VirginiaTech | Lets just say that excess
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sediment is a bad thing.....
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@ VirginiaTech | §o,.. we apply BMPs to try to
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stop the sediment....
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But... when should we expect
to see improvements in
downstream waterbodies?

Best time to
measure?
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B'VirginiaTech | Qur goal is to quantify this
travel time (or lag time)... or at

least start moving in that

direction....
Where does it go?
How far does it go?

How long does it take to get there?
When will it improvement downstream?

~ 1000 m reach
Simple(r) System
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WVirginiaTech | ggydy done @ VT StREAM Lab
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http://streamlab.bse.vt.edu/
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http://streamlab.bse.vt.edu/

W VirginiaTech | Instrumentation
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Full weather station

Storm sampling
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@Viginialech | Can we use rare earth
elements as sediment tracers
to get at this?

helium

hydrégen
2
H He
1.0079 4.0026
lithium beryllium boron carbon nitrogen oxygen fluorine neon
3 4 5 6 7 8 9 10
Li | Be B|C|[N|O/|F|Ne
6.941 9.0122 10.811 12.011 14.007 15.999 18.998 20.180
sodium magnesium aluminium silicon pnosphoms sulfur chlorine argon
1 13 14 15 16 17 18
Na | Mg Al|Si| P| S |Cl|Ar
22.990 24.305 26.982 28.086 30.974 32.065 35453 39.948
potassium | calcium ‘scandium Titaniom vanadium | chromium | manganese fron cobalt Tickel copper Zinc galllum | germanium | arsenic selenium bromine Kryplon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K | Ca Sc|Ti|V|Cr|Mn|Fe|Co| Ni|Cu|Zn|Ga|Ge|As|Se | Br | Kr
39.098 40.078 44.956 47.867 50.942 51.996 54.938 55.845 58.933 58.693 63.546 65.39 69.723 72.61 74.922 78.96 79.904 83.80
rubidium strontium yitrium Zirconium niobium | molybdenum| technetium | ruthenium rhodium palladium silver cadmium indium tin antimony tellurium iodine xenon
37 39 41 44 45 46 47 48 49 50 51 53 54
Rb | Sr Y |Zr { Nb|Mo| Tc | Ru|Rh|{Pd|Ag|(Cd| In ([Sn|Sb|Te| | | Xe
85468 87.62 88.906 91.224 92.906 95.94 [98] 101.07 102.91 106.42 107.87 11241 114.82 118.71 12176 127.60 126.90 131.29
caesium barium lutetium hafnium tantalum Iungslen rhenium osmium iridium pla(mum gold mercury thallium lead bismuth polomum astatine radon
55 56 57-70 b4l 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs|Ba| * |Lu|Hf | Ta| W |Re|[Os| Ir | Pt |Au|Hg| Tl |Pb| Bi | Po| At | Rn
132.91 137.33 174.97 178.49 180.95 183.84 186.21 190.23 192.22 195.08 196.97 200.59 204.38 207.2 208.98 209] [210] 222]
francium radium lawrencium | rutherfordium|  dubnium seaborgium bohrium hassium meitnerium | ununnilium | unununium ununbium ununquadium
87 88 89-102 103 104 105 106 107 108 109 110 111 112 114
Fr | Ra|**| Lr | Rf | Db| Sg | Bh | Hs | Mt (Uun|UuulUub Uuq
223 226] [262] [262] [266] 269] 2681 12741 1272] [277] 289
lanthanum cerium y samarium europium gadolinium terbium dysprosium holmium erbium thulium yiterbium
*Lanthanide 59 60 61 66 69
La|Ce| Pr|Nd|Pm|Sm|Eu|Gd| Tb | Dy |Ho| Er |Tm| Yb
138.91 14012 140.91 144.24 [145] 150.36 151.96 157.25 158.93 162.50 164.93 167.26 168.93 173.04
o thorium protactinium uranium neptunium plutonium americium curium berkelium californium einsteinium fermium mendelevium) nobg
** Actinide series 89 1 92 93 94 95 96 97 98 99 100__|_104="102
= ~
Ac| Th|Pa| U F S BRTCITES [Fm|Md| No
[227] 232.04 231.04 238.03 [237] [244] [243] [247] [247) [251] 252) 257 258] [259]

http://www.bpc.edu/mathscience/chemistry/images/periodic_table of elements.jpg
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@Virginialech | REEs as sediment
tracers

> REEs as sediment tracers
» Hill slope, plot and laboratory-scale erosion
» Limited use in fluvial settings

» Anideal tracer?
» Physical characteristics similar to sediment

eauaqe,

1IN

I »

> Low detection limit

http://www.ars.usda.gov/is/AR/archive/jun05/s0il0605.ht

.
» Multiple, unique signatures
» Simple/inexpensive to create & detect

» We performed isotherms for La and Yb
» Potentially 14 distinct tracers
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REE adsorption to stream
bank sediments

> We performed isotherms using natural
bank sediments

» Equal adsorption of La & Yb
> No desorption in stream water, < 0.3%
» Low background concentrations
» Soil - La ~ 26 ppm; Yb ~ 1.5 ppm
» Stream water- La and Yb <0.1 ppm

The stuif sticks and it
stays stuck!
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Created two unique tracers

> Prepare REE-enriched tracer using La and Yb

» Mix a single REE with equal amounts of Soil 1 and 2
» 4.8 kg soil

» Equilibrate 3.5 - 8 weeks

Lanthanum Ytterbium

(Ppm) (Ppm)
Bank Soil 26 1
La Tracer 13,355 1
Yb Tracer 20 19,440
Stream water 0.07 0.01
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Field deployment of the REE tracer
during hig
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£

> B-gallon bulk samples

» Suspended sediment
samples (SSS) —

» Bed sediment samples

g Sampling Bridges
v Bed Sediment Sample
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Sampled 7 high-flow events

> Injected REE-labeled sediments T, W
»Sampled from October 29 - 12/16/11
» Injected REEs in Storms 1 and 3

Discharge Turbidity
Max at Max at
REE Discharge Injection Turbidity Injection
Storm Injected (m3s1) (m3s1) (NTU) (NTU)
1 La 0.37 0.20 25.7 14.8

2 - 0.64 48.4 @ High Flows
3 Yb 1.66 1.53 152.9 28.4

4 2.83 194.2

5 6.58 169.4

6 2.51 115.9

7 0.53 59.6
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> Bulk sampling at the concrete bridge
> All tracers were detected in the stream

All 3 REEs detected at 250 m
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100 —e
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Tracer detected at 875 m in

SSS
> Sss are time' 60 - -o-Storm 1: La
H = —Storm 2

integrated % 0 - .
> La and Yb were @ 9 ____ﬁ_.+____+
detectedat8/5m ¢ 0L - 1
> Minimal tracerre- s - —aStorm 3: Vb
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REEs in bed sediment
at 875 m

>Samples collected s
1-5days afterevent =, | [T TN

> La and Yb were 10
successfully 0
detected -

-=-Storm 3: Yb

REE Concentration in Bed Sediment (ppm)
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REE-laced sediment can be
tracked...

» Detected in bulk, SSS, and bed sediments
» REE tracer detected up to 875 m downstream

> REE-labeled tracer detection depends on
» Background REE concentration
» Enrichment level
» Sediment load at time of injection

> REEs are stable, adsorb well to natural soils
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» Varying high-flow events

» High-flows ALWAYS happen at night
» Clogging of the SSS

» Deposition sampling

There were some challenges
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Now what?

> More “bulk” sampling
longitudinally

> Inject/spray actual in-place bank
sediments

» Pick apart the “lag time” mystery
piece by piece
» Where does it go?
» How far does it go?
» How long does it take to get there?

» When would we see improvement
downstream?
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“Bulk” sampling spatially

> 3 bulk sample sites

> Already bought 2 new pumps
» ~156 “bulk” bucket samples
> Dysprosium injection ready
> An “event” would be nice....

Coogle earth
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Need “event” and to be “ready”
to do injection experiment
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Bridge 1 Stage, m (Past Month)

Ready 2.am My back REU’s
“freak” event goes out Present
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@ Virginialech | Injections on actual
streambanks?

Injection Downstream?

Reality
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W VirginiaTech

Invent the Future Limits
» Detectability/enrichment/concentrations
> How far downstream can we find laced sediment
» At mercy of weather

» Manpower
» Only small piece of puzzle
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Questions...
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Dynamics of Water and Societal Systems

An Interdisciplinary Research Program at the
Virginia Tech StREAM Lab

NSF Research Experience for
Undergraduates (REU)

Virginia Tech, Blacksburg, Virginia
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StREAM Lab NSF—REU 2012

Community Knowledge, Attitudes, and Behaviors Towards Water Resources Within the
Upper Stroubles Creek Watershed web

» Charlotte Brown (UNC) & Jerod Myers (VT)

A Multilevel Health Assessment of Stroubles Creek web
> Sara Gokturk (VT) & Deandre Smith (Univ. Ark)

Experimental Flooding of a Restored Floodplain within an Urbanized Watershed web
» Katy Hofmeister (Hampshire) & Tyler Weiglein (VT)

Spatial Assessment of Stroubles Creek using Macroinverts and TSS Measures web
» Teneil Sivells (NC A&T) & Margaret Whitsell (LSU)

Analysis of Stroubles Creek using SWAT and GIS web
> Kevin Chu (UNC) & Adam Oliphant (TX State)

http://www.bse.vt.edu/streamreu/

http://streamlab.bse.vt.edu/ Biol | t
chession@vt.edu @ Elr?g?r?elgimsgs o



https://sites.google.com/site/communitysurveystroubles/
https://sites.google.com/site/nsfreuvt2012health/home
https://sites.google.com/site/streamlabreu2012hydrology/methods/simulated-flood
https://sites.google.com/a/tigers.lsu.edu/spatial-assessment-of-stroubles-creek-using-macroinvertebrates-and-total-suspended-sediment-measures/
https://sites.google.com/site/streamlab2012watershedteam/home/authors-and-acknowledgements
http://www.bse.vt.edu/streamreu/
http://streamlab.bse.vt.edu/
http://streamlab.bse.vt.edu/
mailto:chession@vt.edu

M VirginiaTech

Invent the Future

Thanks
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