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Primary remediation method
for groundwater

= Over 400 wells, including long- =
screened wells thatspan =« (| | ||| | |
multiple aquifer layers, aiming e
to remediate and monitor
extensive plume areas

» Reinject treated water for
added hydraulic control

« Layered, sedimentary aquifer
system

= Lateral and vertical variation in
plume concentrations

» Preferential flow paths (known 1
and unknown) '

43878 T

Hanford South Geoframework
Medel, Version 6 (CP-67635)
Ringold Formation lower mud unit
Upper surface of Ringold Formation
member of Woaded Island - unit A
Basalt

Woell Screen Intarval

Carbon Tetrachloride (ug/L)
B :=34-50
B =50-100

=100 - 500

2500 - 1000
B =1000

14x vertical exaggeration

Three-dimensional carbon tetrachloride plume, 2024. (CPCCo, 2025)
Key Components of Remediation Strategies:

Monitor performance

2. Optimize contaminant removal or containment
DEEP . .
VROGRAN ONE 3. Assess and adjust continuously
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Challenges of Long-
Screened Wells

» Low-flow, no purge, other passive
sampling methods are representative
of vertically redistributed groundwater

300

320

o May not “see” mass in zones of outflow
under ambient conditions

Depth bgs (ft)

= \Well acts a conduit for flow

340

= Pump intake depth does not control

where groundwater inflow occurs
360

* Higher-rate pumped samples will
‘produce’ GW from zones of high
hydraulic conductivity (introduces bias)

380

= C

S|

Possible flow patterns and contaminant mixing in a well
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3000 Extraction Well 299-W15-225
« Challenges in monitoring the Pump-and- 00 H----- Max CCl, During Drilling - - - - -
. — 2000 7, Unrecovered CCl, mass

Treat (P&T) SyStem ?1500 / through time )
= Complex aquifer-well interactions 2
_ _ _ o O 1000 < ——0bs P&T Well
= Vertical flow dynamics leading to dilution o0 Concentration
effects ) -

= Obscured high-concentration zones within low- 10/1/12 6/28/15 3/24/18 12/18/20 9/14/23

permeability layers
_ : Mass removal in a Hanford long-screened
. Leads_ to_. Impqct on remedy design and extraction well (299-W15-225).
remediation objectives

A Way Forward: Measuring intraborehole flow and estimating the depth-
varying contaminant concentrations in the surrounding aquifer

» Hanford Case Study
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https://www.envirotech-online.com/article/water-wastewater/9/in-situ-inc/groundwater-quality-sampling-at-contaminated-sites-the-long-and-the-short-of-it/1827/download
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Northwest ~ Study Location: New Extraction Wells at Hanford

-
\ Well ID ou coc
200w \ 200E I
fex] N
'|| ' | = | || 299-W12-6 ZP-1 CCl,,
| D0473 TCE
| w126 299627157 | | { :
| 200WI1-116 L= o ]| 299-w11-118 | ZP-1 CCl,
: et | | 200625240~ |[ || (D0474) TCE
- - | | = K
= - 299-E27-157 BP-5 Tec-99
— | (D0118)
| 299-E25-240 PO-1 Tc-99
A e (D0119)

P NS

Extraction Well

PNNL custom built field
Vibose zone  hydraulic testing trailer
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https://www.envirotech-online.com/article/water-wastewater/9/in-situ-inc/groundwater-quality-sampling-at-contaminated-sites-the-long-and-the-short-of-it/1827/download
https://www.envirotech-online.com/article/water-wastewater/9/in-situ-inc/groundwater-quality-sampling-at-contaminated-sites-the-long-and-the-short-of-it/1827/download
https://www.envirotech-online.com/article/water-wastewater/9/in-situ-inc/groundwater-quality-sampling-at-contaminated-sites-the-long-and-the-short-of-it/1827/download
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EBF Survey —
Ambient
Conditions
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Integrating Characterization Methods —
Electromagnetic Borehole Flowmeter (EBF)

_____ _i_‘ M, TGRS
i l 0 - Ground level I:l I:I
“ :
Submersible W 1 - ¥ e — . . -8
pump \ 3 L
—_— —
j
e :f. " B — I_,
s ————— e ‘_'—I
I_IJ
—<_ ]
Electromagnetic Ll_‘—‘
Borehole Flowmeter ]
(EBF) AN S )
T AT T T QI PR Y L T T T T

Sandy Giaved relative hydraulic conductivity, K
I%yer layer

EBF Survey — Dynamic Conditions Relative hydraulic conductivity in Hanford well
derived from the net vertical flow profile
(recreated from Spane and Newcomer, 2009).
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Ambient flow

7 Integrating Characterization Methods — Snap

Pacific

Northwest  Samplers

Volume Purge Low Flow Zero Purge

Origin of sample at increasing purge times
|

|
Short Long

Schematic of the impacts of different sampling
techniques on sample origin (McMillan et al.
2015).
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CCl, (ug/L)

0 1,000 2,000 3,00

0
240

[ 260
- 280
- 300
[ 320
F 340
F 360
- 380

[ 400

00 005 010 015 020 0.25

relative hydraulic conductivity, K

Snap Samples Deployed in Well — Dynamic Conditions

Relative hydraulic conductivity in Hanford well derived
from the net vertical flow profile (recreated from Spane
and Newcomer, 2009).

depth bgs (ft)


https://www.envirotech-online.com/article/water-wastewater/9/in-situ-inc/groundwater-quality-sampling-at-contaminated-sites-the-long-and-the-short-of-it/1827/download

%/ Day 0: Pull pump and
identify nearby extraction : :
wells (if extraction wells Day 1: Conduct ambient

EBF survey

Pacific present, they should be in

Northwest F i @ I d S C h ed u Ie a steady state of pumping)

NATIONAL LABORATORY

 Vertical Flow Measurements

= Ambient flow profiles
. Days 2:Conduct dynamic Days 3: Conduct repeat
. Dynamlc ﬂOW EBF survey ambient EBF survey

= Combined — normalized hydraulic
conductivity (K)

« Concentration Measurements v

* Depth-discrete groundwater sampling
under ambient and dynamic
conditions

o Dynamic snap samplers = inflow zones
during pumping; identify intervals that
may contribute more contaminant mass
during extraction

Day 4-11: Review data
and build snap samples {0  gumre
required depths

Day 12: Conduct dynamic
snap sample

Day 20+:“Snap” samplers
and retrieve; final repeat
ambient survey

Day 13: Deploy ambient
snap-samplers

DEEP
PROGRAM - Typical schedule of flow profiling and sampling.
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Northwest  OQnsite at Hanford

; J DEEP Upper row — deploying the EBF; Lower r from left — subersible groundwater pump deployment, in-situ water

OSE ZO
Eﬁ‘gﬁRsz - quality monitoring, snap sampler deployment (photography by Andrea Starr)



- . CCUg: weakly-compacted sand
\e/ Key Findings — 200 East Area Wells e ’

Pacific : Rwia: sand/silt/clay dominated with some
Northwest Dynamic EBF gravels

Am blent E B F Normalized Hydraulic Conductivity [K] TC-99 PrOfl Ie

00 02 04 06 08 1.0

275 275 275
280 | _ 280 ol 280 |
285 ; 285 285 1
290 | A C 290 p——— C 290 -
295 295 295
C C
300 - 300 300 1
305 U 305 U 305
w w w
2 310 20 (g D 310 g 2 310
)
£ 315 £ 315 = 315
£ £ 1 g
2 320 2 320 o 320
(] 0 o
325 | 325 Q 325
330 1 330 330 |
R R
335 335 335 {
W W 340
340 1 . 340 )
350 - d 350 a 350 |
355 T T T 355 | T T I I | 355 T T T T
-0.2 -0.1 0.0 0.1 0.2 -5 0 5 10 15 20 25 30 0 5e+3 1e+4 2e+4 2e+4
Flow [LPM] Flow [LPM] Tc-99 [pCi/L]
1 Interval Flow (Qi) =1 Normalized K —O— Dynamic depth-discrete
Flow Data (Qtot) O— Dynamic Qnet (Pump 1) snap sampling

Qtot Repeat A RepeatQnet PNNL pumped sample range

O Pump 1Qnet (5/28/25)
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 Well & Aquifer Hydraulics:

= Low vertical gradients limit contaminant redistribution under ambient conditions (minimal
intraborehole flow)

= Upper CCUg Zone: Highest K; dominant source of pumped groundwater flow
= Lower Rwia Zone: Negligible flow, contributing little to extraction

e Tc-99 Concentration Trends:

= Ambient Sampling: Minimal variation in Tc-99 concentrations due to low flows, lack of

strong inflow zones at high concentration intervals, ambient flow redistribution of
contaminants

* Pumped Sampling: Tc-99 concentrations primarily originate from permeable CCUg (not
captured from lower Rwia)

- Evaluations and Challenges:

= Potential bypass flow through filter pack and formation, and unequal mixing impacts the
accuracy of sample concentration profiles

= Next Step: Ongoing testing to refine aquifer characterization and account for dynamic
wellbore effects

DEEP
VADOSE ZONE
PROGRAM

@PNNL




Rwie: Moderate to strongly

\%/ Key Findings — 200 West Area Wells __cementedsandy grave

Rwia: sand/silt/clay dominated

Pacific : .
with some gravels
Northwest Dynamic EBF g
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Transient
Monitoring
During P&T
Shutdown

* Vertical flow
and water
level
monitoring at
one depth

« Shutdown
period = ~ 12
hrs

4 == Vertical Flow (LPM)

EBF Stationed at 414.5 ft bgs in
well 299-W11-116
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|
|
19.0 | L3
g o)
= | o
£ 185 12 f2 &
sl e
: : 2 : ap -
g 18.0 Diurnal fluctuations in water level due to barometric pressure responses 1 -
113 »” [11 ” I ‘: ..1 ;
-~ causes “peaks” and “troughs o o
2175 | = o
g A i 15
\ | -0
l \ | E
1
: | |
16'5- T T T T T T T T I I I —1
e o) © © A A ) >
NS QP QS P S TP Qe WV
S 3 o a% S y %
> 2 2) 2 %) A A 2
21.0
~ 20.5 1
=
@ 20.0 A
—
-
® 19.51
3 .................................................................................
g- 19.0-— 5
e T 2
~ — W1 es0 €
- Q0 o
s 4 = )
o 5 =
- = ~600;
3 - =
2 Warmer, lower SpC 5 £
- water moving = ss0f
S through the wellbore ! -
. | - 500 O
RS during shut-down ' S
> v
—-= Vertical Flow (LPM) l L 450 e
01-=- Temperature (C) o
—— Specific Conductivity (uS/cm) %
= s
© “ © © A A > > o
M qte ¢l ¢l ¢l gl ¢l gl gl ¢
N Qo Q" Q- N Q- 1" N Q0 N, N Qo b
,1,‘06 ,{p\, VA AN ,pQ ,f)'\, VA ,f)\, A2 9 Y
> P > P D i D > > D

Pre-Shutdown




o

Pacific

Northwest  Key Findings — 200 West Area Wells
« Well & Aquifer Hydraulics:

= Strong vertical hydraulic gradients drive significant intraborehole flow and
contaminant redistribution

» Groundwater primarily drawn from Rwie — Moderately high K; minimal contribution from
Rwia
» Localized Influences: K and nearby pumping primarily affect flow patterns.

= P&T Operations: Large-scale pumping results in flow reversals, revealing aquifer
lateral/vertical heterogeneities

 CCl, Concentration Trends:

= Higher concentrations during drilling vs snap samples — Masking effects of outflow
Zones

o Low-concentration inflows in upper and lower screened intervals diluting depth-discrete
concentrations

* Pumped groundwater originates from Rwie, leaving contaminants in Rwia untreated
« Evaluations and Challenges:
= Zonal isolation to target lower aquifer zones will be hindered by filter pack bypass

DEEP
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« Estimate concentration of contaminant in the aquifer using flow and depth-

discrete sample data

Method 1: Simple mass balance

. Qtot+1Ctot+1 o QtotCtot

Ci =
Qi
Where:
* C, Is the concentration in groundwater

|
|
|
I
|
|
|
|
|
|
|
I
entering the well over the it" interval |
|
|
|
|
|
I
|
|
|
|
|

¢ Qis the measured vertical flow at a
depth in the well

* C,.is the measured concentration at a
depth in the well

« Q is the difference in EBF flow at the top
and bottom of the it interval under
dynamic conditions

DEEP |
VADOSE ZONE

PROGRAM (Flach, 2002),
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Method 2: Inversion model

10+

20

30+

40

50
0 500 0 500

10 %>

20

30+

40

50

0 500

(d)

0 500

Concentration (mg/L) Concentration (mg/L) Concentration (mg/L) Concentration (mg/L)

true
o Low-flow samples

9 Low-flow samples with secondary pumping from 1m depth

(Day-Lewis et. al., 2023)

estimates
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44
Next Steps EBF |\ \|

flow
s e Imperfect Ti% i N

seal

ribs Wire wrap

» Bypass reduction estimation

Bypass
—o—= flows

* Aquifer parameter estimation
(T, far field heads)

Edge of
u u u u i I/
Remediation Implications rubber skirt Wellbore flow

« Zonal isolation in existing T | Above: Bypass

phenomenon in wells with

wire-wrapped screens (from
Flach, 2002)

extraction wells

 New discrete zone-wells

* Temporal EBF monitoring during
opportunistic P&T shutdown
events yield valuable

characterization Left: Prototype packer

combined with an EBF to
reduce bypass
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VADOSE ZONE
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% Ambient EBF Survey Results

Pacific

Northwest  for Well 299-W12-6 (D047 3)
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Age

{Years) Epoch Formation
0 Surficial Deposits
. Holocene
Pacr?‘c Interbedded Sand and Silt-Dominated
nterbedded Sand and Silt-Dominate

Nort We$t 13,000 (Touchet Beds)

NATIONAL LABORATORY Hanford Sand-Dominated and Gravel Dominated
Pleistocene formation {(Pasco Gravels)

2,500,000
Cold Creek Unit
3,400,000

Member of
Savage Island

Pliocene
Member of
Taylor Flat
I I f - h Ringold Unit E
a n o r ra I g ra p y 5,300,000 ? Formation
Member of
| Wooded Island
Unit B
Unit D
———
I G80 '0} Unit A
TN Snipes Mauntain Conglomerate
8,500,000 i M a tq ce Harbor Member |
iocene ountains :
. Elephant Mountain
14,500,000 Cg'iﬂ?rb'a Basalt Member
Basalt Wgnapﬁlm '-1‘}“{1’4 Ellensburg
Group asa I Formation
15,600,000 (Flood-Basal i — (Interbedded
Flowrs) Grande i) : Sediment)
Ronde pu-‘l
Basalt
16,500,000 ?’]“ﬁ‘m
17,000,000 Basar (ALY i
jpd-04-4-2-4 tif

Generalized Hanford stratigraphy, 200 East Area (Reidel and Fecht,
2002)
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