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BACKGROUND/OBJECTIVES SITE CONDITIONS: GROUNDWATER IMPACTS IN SHALLOW AQUIFERS FROM 4-10 M BGS

Site boundary
Dioxane
. . m +Dow reactor = - e
Site History @ ] Sy — =.=|
* Site is a large chemical production plant — formerly produced 1,4-dioxane @ = = Tl == —— E — — L T -
@8 1 . \ | B B
* 1,4-Dioxane concentrations as high as 1,500 mg/L in downgradient plume 4 ‘ p | | | Cover
a7 +
L L e ==
* Impacted groundwater migrating towards nearby surface water body il . = e B
* Groundwater impacts in 2 separate water bearing units separated by a low permeability layer: el _’“fsé}if_penneablelgm:l--
* Layer A—4-6 m bgs " - - =t
@+ e
* Layer B—7-10 m bgs - le' I
e [ = e
* Typical containment alternatives labor and energy intensive and unattractive when considering economic and n SR . omy 1L
sustainability considerations N m _[] ,,,,,,
- B
* More economic and sustainable nature based remedial alternative was desired -E
- 0 e | oo o
Objectives L
e | Dioxane concentrations (mg/l) fresh _EI_ Ipmsp— W
* Phytoremediation selected as a sustainable nature-based alternative for containing the groundwater plume and | l D E—— i o ol -
preventing migration to the nearby surface water body . *100-mgil G - g
. . . . C . : : i 10-100 mg/l | | < 0.05 mg/l :
* Trees to provide provide hydraulic containment and mass removal through transpiration of 1,4-dioxane into the o . e l sgline
atmosphere where it will be photodegraded Yl I:I 1-10 mg/l
T
< >

200 m

IMPLEMENTATION /DESIGN

/ & AN L N
Baseline 82 -
* straw in aquifer A (4-6 m bgl) % evaporation of expected uptake* .
- - — 72 -
— * straw in aquifer B (7-10 m bgl) 2016 2017 2018 2019 2016 2017 2018 2019 3 )
R o . S i
Ny o I-A-02 40 307 01 e 0.00% | 022% | 005% | 0.04% S 62
) | so S : - o & —
PN W -C-09 8 6.7 3.8 18.4 0.00% | 0.00% 0.00% | 0.05% E 52 !
1-D-01 II-sJZ u ( o
/ A . = P . -D-08 2,320 48.5 - 0.47% 0.02% - £ .
B " o IR ' } 600 pgn AN e % : i i
- » f gz DO d ! ;%U%ﬂj;g::rgf:::;g;;: v -H-03 24 0.7 21.5 37.9 0.00% 0.00% 0,04% | 0.03% §
11-4-01 1o 1o O g0 B s & -: 108 7]
3 g ¥ 20 EALTD wiwewte ¥l % 11-C-02 1.2 4.0 1.2 <dl 0.00% | 0.04% 0.01% | nd 32
e W W , AT ¥ /Akr, Levlivy o
I «2 %% . : = A7 ™ gL ey i I-1-12 - 733 - - 0.25% - 22 1
s T gy —Z AR} A e wpeiviie Y -T-
v ® ¢ ¥ | Tw¥x, wive'¥ e I-F-02 . 63.4 . . 0.09% . ==
J by "::.Ar..“'wn...uﬂ ﬁerg .:; .:. m:o.e"tc: 12 T T T T T T
= : zyﬁ': '“':ﬁfjgfgf e T\ o average 478 166 241 < 0.10% 0.09% 0.03% 0.03% Install Year1  Year2 Year3  Year4  Year5  Year6
l 1-G-01 I-1-12 K11 1-M-10 1-0:10 N+ 1-M-01 F '" S E‘ I — — -n h ‘ M O tl M O tl
@Co 800 i 1 ﬂ : .o ey | W g g @ wil | ‘ . $: Assuming a face leaf area of 0.7 m? for the branches with a total face leaf area of 16-26 m? for the trees depending HMin Outler: - Max Dutlier
;l 112 112 1-N-11 I-P-05 1-P-01 ] ) . y ( .
T \: ‘& : & 2o " o . e . D 2" Growing S on stem diameter
~ 1-8-10 I-ao 1-J-10 I-%m 1-L-10 l-%ﬂ 1-N-09 l-%ﬂ 1-P-03| 111-A-09 & £ 11-2202 / el \\4&\'\\ \ . . . . I i initi - I
O B 0 o g ® 0¥ & s = | R %\/\ ™y Season o * Based on groundwater concentration estimated from results of nearby monitoring Overall tree health has been satisfactory since initial planting, with
s .:a ('3 ') .ﬁ '3 .::8 ' f £} bt :5: | @k © | \) 5 steady overall growth, indicative of increased water consumption
5 & :gj : ik ghod :‘“ - : S i ~ - 2z | v ‘ \ \ Measurements of 1,4-dioxane evapotranspiration rates indicate less than approximately
T C B O e T e W 6"6:6:52 & L Q Q ’1?51\\5\ 0.10% of the mass entering the phytoremediation system is being transpired to the
\ I-%S 1-C-05 l-%)e |.35 |-84 Iﬂs |-s)2 I-ss |-r\8)1 I-$04 I-%ﬂ "'5—05miu4|||-804"l_503|“503m-502 m»sozm- 01 / % 4 ‘,i@"W' “I"IV“U-‘ ” 3 t h Th b d d .ff I d t d t . t. t
- & X Se¥e¥e T & * . / ) , atmosphere. The observed difference in measured vs expected transpiration rates were
o 6 1-8-03 1-D-04 1--03 1-L-03 |-N-02 - _o3| 03"._ _02“ ozm' 01 "® N 250,000 59 50 Lo N . . . . .
T T g® € W e 0, "8 DO OO DITSTE v L:?fﬁ;u;ﬁ,;;:;;,.:., Wil explained by evidence of biodegradation in the root zone (work done by others).
g 1-C-02 3 I-E-02 l-31 : : % "'@2"'?1"'801 OO(;IOO) . s ’ ﬂ‘zlt':;:{:’: ol
'@ o @ ® @ "&" ot g o v lwsy o Sl Y
¥ | %%'Z . v, :‘:?ggkzﬁ: Al e
= | = ¥, o
- v g e & @ nicos At
: ! N ~ ¢ ey g g E g Ve
= == = L= . — CONCLUSIONS
— ¥ e
T T 1 T T[T [ T [ | ] T T T T 1T T T 1] " ,,j
: : L — S | e —
Schematic of Straw TreeWell Unit Groundwater monitoring results demonstrate shallow plume is
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TreeWell unit-based system has demonstrated ability to provide ful
hydraulic containment after the first growing season.

drawn into phytoremediation area during active growing season,
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Overall tree health has been satisfactory since initial planting.
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