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Site Regional Geology

 Uplift of the Black Hills occurred during
the Paleocene and Eocene (Redden and
DeWitt 2008). The event uplifted and
deformed rock units of Precambrian,
Paleozoic, and Mesozoic age.

 On the eastern flank of the Black Hills,
these units generally dip gently to the
east-northeast (USGS 1975)
* During the most recent periods of s
erosion, channels on the eastern flank of
the Black Hills incised into bedrock and AN -. . ¥} ¢ ;
formed a series of alluvial terraces at National Park
varying elevations above the current | ¢ el Twr
creek beds (Plumley 1948; Stamm et al. Nat '
2013).

10 miles
———

@ aecom.com



Regional Aquifers of South Dakota

Aquifers in the Rapid
City Area, SD (modified
after USGS Survey,

1985) [Sea Leve) = ﬁegolavell

Pleistocene-Holocene - | | Upper Cretaceous confining unit (e. g. Pierre Shale): Shale
aquifer: Sandstone, silt - | )| with minor limestone

Sandstone, silt, shale

Permian- Triassic-Jurassic confining unit: Shale, minor
limestone, sandstone

sandstone & dolomite

Madison Limestone (major Mississippian aquifer): limestone &
dolomite

Deadwood Formation (minor Precambrian aquifer): schist,

Limestone, sandstone , and shale
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Concept of Strath Terraces

Oldest STRATH TERRACES (old flood plains)

\ \ FILL TERRACE (old flood plain)
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* The contact of the river deposits with the eroded bedrock surface below them is called the strath. The top of a

strath is called a ‘tread’.
« Straths terraces represent old, stranded (remnant) floodplains of a channel that were previously flowing at a

higher elevation
* Along-valley strath terrace profiles can be used to determine in what direction the river was flowing when the

terrace deposits were still part of the active floodplain.
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Concept of Strath Terraces: Outcrop Example

Stoneville Flats terrace .
i Belle Fourche River

flood plain

Quaternary-age gravel
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| Stoneville Flats Terrace §

Write a description for your map.

Stoneville Flats Terrace (strath

terrace) developed on Cretaceous-
age Mowry Shale, example from

Wyoming
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Strath Terrace of South Dakota

Mountain Meadow Rapid Sturgis

Holocene Floodplain

Pierre Shale Basement Rock \. -

« Terrace are correlated regionally between South Dakota, Wyoming and Montana
« Site is on the Sturgis Strath Terrace, dipping southeast

« Timing of fluvial deposition on the correlates with the late Wisconsinan/ Pinedale glaciation and the Last

Glacial Maximum.
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Strath Terrace of South Dakota
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Upstream limit of
four lerraces
Farmingdale Fromt

arfish, 0'
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Belle Fourche River

modern floodplain river deposits

terrace surface
(]

T1 = oldest terrace surface / \ 5 e g
e 4 YLava Creek B
T4 = future/youngest terrace surface Ash Deposit

Concept Of River Terraces
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Regional Stratigraphic Dip

. Tertiary intrusives
' |:| Tertiary gravel, sand and mudstone
|_| Cretaceous shale
|:| Cretaceous sandstone
|_| Jurassic sandstone, siltstone and shale
|_| Triassic red-beds N
’ [:l Upper Paleozoic carbonate
L S'_p-é-arfis.h. sp ™ - . =5 . Lower Paleozoic carbonate and sandstone

>

Precambrian igneous and metamorphic rocks .

‘. Strath Dip Direction B Town or city

R, Strath Dip Direction:
Southeast

Zaprowski et al., 1999 @\ aecom.com



Site Depositional Model

Channel Bar

Braided Bar Active Channel
Model Channel Belt

Figure not to scale
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Site Lithologic and Geophysical Data

Gamma Log

E

rainsize
Increasing

Gamma log —»

—
o Dpeth Scale

Delivering a better world

Grain Size Log (GSL)
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Qa| Quaternary alluvial deposits
uaternary terrace gravel and alluvial-fan deposits
Cretaceous Pierre Shale
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Width-thickness Aspect Ratio of Braided Bars at Site Area

Channel Width - Thickness Data (n=327)

# low sinuosity {Fielding and Crane, 1387} (34)
B meandering (Fielding and Crane,l19%87) (41)
Abraided (Fielding znd Crane,l1987) {32&)

X anastomosing (Fielding and Crane,1387) (2)
Xunknown (Fielding and Crane,13987) (78]

® crevasse sands (Gozalo and Martinius,1593) (11

# channel-£fill sands {(Gozzlo and Martinius,19%93] (15) Average thICkneSS Of
=meander-locp bodies (Gozalo and Martinius, 1939 E”SWO"th

= ribbons (Hami and Leeder,1%73) (13}

®high sinuosity (Nami and Leeder,1379) (&) paleOChannel
diztributary channel (Lowry zand Rzheim, 1321} (}=z SandbOdleS ~5ft

crevasse sands (Lowry and Raheim,1381) (20) (~1 5m)
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@ high sinucsity ribbons (Cowan,1%91) (2} Probable average

braided low =inucsity sheets (Cowan,l19%91) (14) .
=meandering high sinucsity sheets (Cowan,l1221) |6 Wldth range ~<300ft =
=single storey,Upper Salt Wash (RAPG,1994) (17) ~2800ft (hlghest)
#multi-=storey,Upper Salt Wash (RAPG,19%4) {2}
M =single =torey,Lower Salt Wash (RAPE,1994) (58)
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Regional Hydrogeological Basins

How do subsurface stratigraphy
and contamination flow paths
relate to the interpreted
hydrogeological basins?
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Example Dip Section

Channel Bar Deposits (vf sand- coarse to pebbly sand)
Crevasse Splay (vf sand-fine sand, pebbly clay)

Levee Deposits (silt- vf sand)

Overbank (silt and clay)

Fractured Bedrock

Bedrock (Pierre Shale) rrnsnmnreremeeee. Major Fluvial Erosion
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Example Strike Section

Extraction Well
s Monitoring Wells
e |RT Wall
@ (ross-section A-A’
[ ] 2017 TCE Plume
2005 TCE Plume

GW surface 06Aug2019
(elevation ft amsl)

Paleochannel flow
direction

Legend
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3280

MIN941145 MW12BG40 [ 5.01 - 50.00 ug/L TCE

v water table

3260

R MHOBBE403 W03BG402

3260

Gravelly Braided Channel Bars

T
3240

T

Gravelly Splays
e ——

i ~— :‘ —_— ] MWO08BG401

3240

[ ———— ||

1= ——im—
= = | —

|
—
i

Sandy-Sity Levees
Overbank Fines (Silt & Clay)

Pierre Shale (Bedrock)
Weathered Shale

T T
3220

3220

T
3200

IIRTWaII H Extraction Well

- | |
N iV

Delivering a better world Horizontal scale ~ 1.7 miles &\ aecom.com

mm) Paleochannel flow direction




Example Section: Dip & Strike

Extraction Well
*  ORC cross section well
— |RT Wall

emmms ORC cross seclion
[ ] 2017 TCE Plume

I\/_Ilr_lor groundwater 2005 TCE Plume
divide

o T Groundwater Divide
™ —— Major groundwater divide

Minor groundwater divide

Legend

[ 0.1-5.00 ug/LTCE

[] 5.01-50.00 ug/LTCE
v water table

Dip-section strike Section

EW0414 MW070401

PZ980406 ‘

MWO080403

Mwa3soa1g PZ980403
MWO080401

Gravelly Braided Channel Bars
Gravelly Splays
[ sandy-Sity Levees
Il Overbank Fines (Silt & Clay)
Z= Pierre Shale (Bedrock)

BW0430 Weathered Shale

MW110201

MWa70202

|IRTWaII H Extraction Well
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Reconsider Plume Geometry?

BG4 cross section A ' The existing chemistry data
TCE in Groundwater (ug/L) - 2017 \

Result

may need reevaluation

0.00
0.01-5.00
5.01 - 50.00
50.01 - 500.00

500.01 - 5000.00 _ ‘ ' " hydrogeologlcal basins and

2000.01 - 10000.00 » ~ - ]

based on different

the flow direction of the

paleochannels within them.

: Figure shows a cartoon of

__ | alternative geometries.
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Comparing Cross-section with Previous Work

W :
Previous

ELEVATION (FT AWSL)
ELEVATION (FT AuSL)

ating paleochannels dipping from west towards east (along the
= length of the plume). Channel geometry & dimension does not conform to known models
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Discontinuous channel bar deposits indicating paleochannels dipping from northwest towards southeast - NE/ L
(across the length of the plume). Channel geometry & dimension according to established braided bar
models. E)\ aecom.com




General Conclusion

* Determining the subsurface depositional environments is essential for a

meaningful CSM

* Dimensions, orientation and interconnectivity of sand bodies directly control

the movement of water and contamination through hydrogeological basins

* Generating plume shapes purely based on statistical methods

(unconstrained by geology) is not advisable

* Optimal Placement of bioremediation tools (e. g. IRT) require understanding

of plume migration in relation to regional and local geology

E)\ aecom.com



A=COM

Thank You!

Contact: Junaid.Sadeque@aecom.com
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