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Tooele Valley, Utah













Tooele Army Depot

Groundwater contamination since beginning of depot activities
e 1942- WWII servicing of military vehicles
* Primarily TCE
* Multiple source areas (ditches, lagoons, sumps, landfill)
* 4 mile long plume(s) extends offsite

Remedial activities include:
e Excavation and capping
* 5400 gpm pump and treat (1994-2004)
* Source treatment
 MNA

Regulatory requirements
* Monitoring and continued characterization

* Annual updates to flow and transport model




Tooele Groundwater Flow and Transport Model

* Unique Case:
* Groundwater Model Updated Annually over 25 Year Period
* Consistent Modeling Team for Entire Period

* Applications:
* Definition of Sensitive Parameters/Data Gathering
Conceptual Model Development
Support for Shut-Down of Pump and Treat System
- Implementation of Monitored Natural Attenuation
Supporting Evidence for Abiotic Degradation
Probabilistic Analysis of Plume Migration Reaching Action Boundaries






LS Anigy Conn of Exglsoas
Hydndagk Laghmertag Conior

Hydrogeadogle Flow Model for Pump-and-Treat
Svstem at Tooele Ay Depot

plogic Flow Model for
rmy Depot, Utah

L
-

hy Depot Groundwater Flow
aminant Transport Model
(2003)

B Geolvans.o.
Sy ngle n et w0 G
Depot Groundwater Flow and
ant Transport Model (2005)

”\/ S

| S w2 D, B e wmeran Pairsndey Ty
e

W Gedlrans .
R .

by Depot Groundwater Flow and
minant Trunsport Model (2008)

J(‘

B SRR L M LB T
LR At

Sapiemher 20&

Ursh Przjox Repoa 11954 o PR-6¥
- fuhy 2002
Ty 1993 PRS0 FR-5%
RS PR-25
m Hygrobogis Engrecing Gome zﬂcn'rmlw " bvgtrees g Certer z(kﬁl’mm y fgtrwer g Certar |1¥l VEURATECH bvatrees g Cermar “;l (RTBATECH Engireee g Gerter Py TETRATECH

Toovle Army Depit Groundwater Flow and
Contaminant Transport Model (2009)

7= e o ——

Prammad i
Vs dawy Copn of T sy, Smcvurews Diwret D vamewsl Drgwmss Foomeh

S Camwwerds, GA M4

Oewba 20
PR-74

y Depot Groundwater Flow and
innnt Transport Model (2010)

frovs, Sncamon i Py vt P ommew o Prgfwetow Pk
(e

Aagav. 2010
PR-T4

ny Depot Groundwater Flow amd
ht Fransport Model Report (2011}

i~

e B L T
N

Angaet 291

PR-8I

Iny Depot Groundwater Flow and
ht Transport Model Report (2012}

v s, i Bk, B o et Py Bk
2o d

Nigus 2012
PR

my Depot Groundwater Flow and
nt Transport Model Report (2013)

e L e
e

Aagaw. D13

PR-82

10



Most Significant Model Changes

e 1993 Completion of initial flow model by HEC

e Evaluation of plume containment by Pump & Treat system

e 1997-2003 Annual Recalibrations

* Model extent expanded to SW, NE; vertical resolution increased

e 2004 Flow and Transport Model

 Model extent expanded NE,SE

 Multiple calibration targets (heads, drawdown, plume migration, etc)
e Steady state flow, transient transport

2007 Transient calibration of water levels from 1942 to present

2008 Analysis of uncertainty in model predictions

2010 Calibration using parameter estimation (PEST)

2016 Evaluation using Ensemble Kalman Filtering (EnKF)

2018 Initial implementation of abiotic degredation
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Dimensional Changes Versus Time
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Uses of Model

e Definition of Sensitive Parameters/Data
Gathering

e Conceptual Model Development

e Support for Test Shut-Down (and Permanent
Shutdown) of Pump and Treat System

* Implementation of Monitored Natural
Attenuation

 Supporting Evidence for Abiotic Degradation
* Planning Lead Time for Potential Remediation

* Probabilistic Analysis of Plume Migration
Reaching Action Boundaries
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Conceptual Model Development

* Conceptualization of Mountain Front Recharge

» Based on large snowfall, snowmelt event that occurred between March 28 and
April 6, 2016

Weather history Tooele march 2016 Weather history Tooele april 2016

Day High Low Precip. Snow Snow Day High Low Precip. Snow Snow
depth depth
(°F) (°F) (inch) (inch) (inch) {°F) (°F) {inch) (inch) (inch)
1 mar 2016 61.0 32.0 0.00 0.00 0.00 1 apr2016 52.0 33.1 0.00 0.00 0.00
2 mar 2016 59.0 39.9 0.00 0.00 0.00 2 apr2016 60.1 34.0 0.00 0.00 0.00
3 mar 2016 70.0 37.9 0.00 0.00 0.00 3 apr2016 68.0 42.1 0.00 0.00 0.00
4 mar 2016 64.9 41.0 0.00 0.00 0.00 4 apr 2016 71.1 43.0 T 0.00 0.00
5 mar 2016 66.9 42.1 0.00 0.00 0.00 5 apr2016 59.0 36.0 0.00 0.00 0.00
6 mar 2016 66.0 37.9 0.30 T 0.00 & apr 2016 57.9 35.1 0.00 0.00 0.00
7 mar 2016 46.9 30.9 0.40 2.01 0.00 7 aprao16 64.0 41.0 0.00 0.00 0.00
8 mar 2016 48.0 28.9 0.00 0.00 0.00 g apr2016 72.0 241 0.00 0.00 0.00
9 mar 2016 51.1 37.0 0.00 0.00 0.00 5.pr 2016 711 c4.0 0.00 0.00 0.00
10 mar 2016 66.9 36.0 0.00 0.00 0.00 14 apr 2016 6a.1 s0.0 T 0.00 0.00
11 mar 2016 66.0 59.0 0.00 0.00 000 4 Lpro0ts 6.9 o1 0.00 0.00 0.00
12 mar 2016 53.0 458 T o-e0 000 15 apraois 72.0 43.0 0.00 0.00 0.00
13 mar 2016 62.1 39.0 0.00 0.00 000 o oor 2016 a0 . 0.02 0.00 0.00
14 mar 2016 570 0.8 013 T 000 4 apr2016 57.9 35.1 0.36 0.00 0.00

15 mar 2016 46.0 30.0 0.06 T 0.00
15 apr 2016 54.0 30.9 0.02 T 0.00

16 mar 2016 50.0 28.9 0.00 0.00 0.00
16 apr 2016 52.0 34.0 0.00 0.00 0.00

17 mar 2016 54.0 36.0 0.00 0.00 0.00
17 apr 2016 55.0 33.1 0.00 0.00 0.00

18 mar 2016 53.1 27.0 0.00 0.00 0.00
18 apr 2016 55.0 35.1 0.00 0.00 0.00

19 mar 2016 52.0 28.0 0.00 0.00 0.00
19 apr 2016 63.0 39.9 0.00 0.00 0.00

20 mar 2016 62.1 30.9 0.00 0.00 0.00
20 apr 2016 71.1 43.0 0.00 0.00 0.00

21 mar 2016 66.9 37.0 0.00 0.00 0.00
21 apr 2016 80.1 46.9 0.00 0.00 0.00

22 mar 2016 64.0 30.0 0.48 2.01 0.00
22 apr 2016 78.1 57.9 0.00 0.00 0.00

23 mar 2016 51.1 30.9 T T 0.00
23 apr 2016 75.0 39.9 0.10 0.00 0.00

24 mar 2016 55.0 32.0 0.00 0.00 0.00
24 apr 2016 59.0 39.0 0.22 0.00 0.00

25 mar 2016 55.0 35.1 0.00 0.00 0.00
25 apr 2016 62.1 39.9 0.11 0.00 0.00

26 mar 2016 51.1 28.0 0.46 2.99 0.00
_ 26 apr 2016 54.0 37.0 1.03 0.00 0.00

27 mar 2016 57.9 33.1 0.00 0.00 0.00
28 mar 2016 57.9 30.0 0.49 2.99 g.gg 27 apraoie 550 378 020 0.00 0.00
23 mar 2016 48.0 30.0 0.30 0.98 oo  28a@pr2016 50.0 329 024 0.00 000
30 mar 2016 45.0 30.0 0.00 0.00 0.0  293pr2018 54.0 7.0 0.04 0.00 000
30 apr 2016 55.9 39.0 0.05 0.00 0.00

31 mar 2016 50.0 34.0 T 0.00 0.00
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Mountain Front Recharge

Downgradient wells further
away from mountain front

(downgradient of fault)
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Mountain Front Recharge

* Early April water levels “spike” (ft)
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Mountain Front Recharge
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Mountain Front Recharge

2007-12-03

The rate and timing of direct mountain front
recharge in an arid environment, Silver Island

Mountains, Utah

Gregory T. Carling
Brigham Young University - Provo
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Mountain Front Recharge

Conclusion

* SE wells closer to mountain fronts had greatest early April
response in water levels.

* Thus, snowmelt and subsequent increased GW recharge
from canyons, streams has direct, larger, and faster than
expected influence on water elevations than previously

anticipated.

* This is contrary to the previous conceptualization that
subsurface recharge to model domain from mountain fronts

took months/years

21



Mountain Front Recharge

Integration on Conceptualization into Numerical Model

CH1 CH2 CH3 CH4
sp1 477 364 277 305
CH3 sp2 476 363 276 304
sP3 4755 3625 2755 3035
spa 4745 3615 2755  302.5
SP5 4735 3605 2755 3015
SP6 476 363 276 304
Sp7 4745 3615 2755 3025
58 4725 3595 2745 3005
_ CH1 CH2 CH3 CH4
CH4 Model Domain sP1 477 364 277 305
sp2 476 363 276 304
sP3 4755 3625 2755 3035
Sp4 4745 3615 2755 3025
sP5 4735 3605 2755 3015
SP6 476 367 276 304
CH2 sp7 4745 3615 2755  302.5
P8 4725 3595 2745  300.5

CH1 .
The MODFLOW CHD Package

adjusted to interpolate greater GW
inflows in SP6 — Fall/Winter 2016



Mountain Front Recharge

FY17 Transient Model Calibration — increasing subsurface
inflow from canyons resulted in improved calibration
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Confining Bed Conceptualization
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Confining Bed Conceptualization

Burk, et al. (2005) of the WETLANDS

Utah Geo|0gic Su rvey IN TOOELE VALLEY,UTAH -
AN EVALUATION OF THREATS

performed a study to POSED BY GROUND-WATER

= "DEVELOPMENTAND:DROUGHT-
- - ‘-Qm; -

delineate areas of recharge
and discharge to springs and
wetlands in the Tooele Valley.

by

The study also delineated
location of a fine grained
confining bed resulting from
lake recession.

a divisionr of oo
Utah Deparlment of Nalural Resources
2005

© % am . SPECIAL STUDY 117
- -»»'@ UTAH GEOLOGICAL SURVEY




Confining Bed Conceptualization

A conclusion of their analysis was the existence of a sloping confining layer
near the same location as in the Tooele groundwater flow model. Studies
were completely independent of each other.

- Shallow
water table

meui{: surface

- ntie
- == - prncieal pots
7 Fine-grained
confining layer -~

Tertiary
basin
fill

Figure 10, Schematic diagram of Tooele Valley gprowsd-warer flow gysiem



Confining Bed Conceptualization
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Confining Bed Conceptualization

Figure 7. Wetiand unit 14, which includes wet-meadow environment. The photo was taken in August after most of the
pond had dried up.
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Explanation

/\/ Boundary of study sres
/\/ sweem

- e

I:] Prmary recharge area
D Secondary recharge area
Discharge area

Location of Study Arsa
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Supporting Evidence for Degradation
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Supporting Evidence for Degradation
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Supporting Evidence for Degradation

note: accurate match with flow gradient resulted in over simulation of transport
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Supporting Evidence for Degradation

* Over-simulation of historical and future plume movement at
the plume edge suggests that the model is not accounting for
physical and/or chemical processes

* Separate sensitivity analysis indicated that simulated TCE
degradation could improve the model match to observed plume
migration

* These results support the presence of degradation in some
areas of the aquifer

e Simulation of this process has potential to improve the
calibration of the model and provide grounded predictions
more consistent with recently observed trends in concentration

35



Supporting Physical Evidence for Degradation

* Magnetic susceptibility in core 10 3 + Field Data
. . 1 Regression Line
samples at TEAD-N suggest abiotic 1 809, Prediction Interval
degradation of TCE R - - =95% Prediction Interval
* First line of evidence for TCE g
degradation g 1: gEEEs
* Measurements of magnetic E’ e
susceptibility provide broad ranges kS T,
of degradation s of JLATTTIL-
S 013 =T
e Zero degradation to 1.2 yr! S 1 .-
* Infinite to 7 month half lives =
* Defined to be spatially variable via
hydrogeologic zonation 0.01 T I S— A
1.0E-07 1.0E-06 1.0E-05

Magnetic Susceptibility (m® kg™')



Supporting Evidence for Degradation
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Planning Lead Time for Potential Remediation

* How long are TCE concentrations likely to remain below 5 ug/L along
the GWMA or 1-mile buffer boundary?

* |nitialize predictive plume to reflect both modeled and observed TCE
concentrations

* Minimize uncertainty related to initial conditions

 Employ Monte Carlo analysis

* Inject stochasticity into calibrated model parameters
* Mean: Calibrated value
* 95% confidence interval: £ 20% of mean

* Randomly sample values from stochastic model parameters (frequency based on
probability)

* Models created by parameter sampling should all represent plausible versions of reality

* Results should still reflect intended uncertainty while still maintaining relatively high
calibration quality



Planning Lead Time for Potential Remediation

5-Year Prediction

L

/
0
o
oy o Scsa in Fasl vy,
T e e ~"__ Apprpx.A600 ft
nas .-I'-MM 4 - ' 85 Bl
r Lk 2 4 .

a3

Legend
Wodeed TCE
concantratior [agily

550
30-100
B 100-300

D100

> 1000

Casever TCE
Concentrasion (Lg'L)

o NenDeled

O <k

SR %1 ]
LTS P
® 100200

y Injection Well @ 2021000

A  Extraction Well ® 1000

Injecticn Well

A Extraction Well

4

/

Scea in Fasl

B 100-300

0000

= 1000

1-ni Bulrar
- — — GVWMA Boundary

39



Planning Lead Time for Potential Remediation

1-Mile Buffer Boundary
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Planning Lead Time for Potential Remediation

GWMA Boundary
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Planning Lead Time for Potential Remediation

* High likelihood of TCE concentrations remaining below MCL along
* 1-mile boundary within 10 years (70% likelihood)
* Main Plume GWMA boundary within 6 years (62%)
 NEB Plume GWMA boundary within 12 years (73%)

* Predictions deemed to be conservative

» Simulated conditions produce over-simulation of plume extent (e.g.,
wells B-42, C-04, D-09, D-11, D-22)

» Rate of concentration increase also over-simulated at many of these
wells

e 5-year predictions show faster plume movement in some areas than
observed over last 5 years

42



43

FY18 Modeling Conclusions

 The calibrated model matches water levels and water level differences
well throughout the model domain

* Improved the match to interior and boundary plume concentrations
* Likely due to simulated degradation

* However, magnitude of simulated degradation can/should be increased
in certain areas of the aquifer

e Like the 2017 model, calibrated 2018 model generally:
* Under-estimates interior plume concentrations
* Over-estimates concentrations along leading edge

* This over-simulation extends to the predictive model, whose results
should be viewed as conservative

* Conceptual Model is critical



Questions/Comments?
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