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m Characteristics and hydrogeology of Rocky Flats
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* Data sources
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Rocky Flats Geology
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Rocky Flats
Geology

Generalized stratigraphic
section for the Rocky
Flats area

From: Groundwater IM/IRA, 2005

Legacy
Management

Formations at RFETS

Formations in subsurface or west of RFETS

A

Age Formation Th.

Description

Quatemary

Verdos
Alluvium

I

Reddish brown matrix, moderately sorted, sandy pebble grave! and

Rocky Flats
Alluvium

pebbly, silty sand

Reddish brown to yellowish brown matrix, grayish-orange to dark gray,

Upper Cretaceous

Arapahoe Fm.

poorly sorted, angular to subrounded, cobbles, coarse gravels, coarse sands
and gravelly clays; varying amounts of caliche; aggregate source

Laramie
Formation

Gray to yellowish orange clay stone, sandy clay stone, and clayey
sandstone, medium to coarse sandstone and chert pebble conglomerate
locally at base

Gray, fine- to medium-grained sandstone and clay stones; thin coal beds
mined in lower part

Fox Hills
Sandstone

Light olive gray to yellowish brown fine- to medium-grained cross-bedded

Pierre Shale [+ 7600

Niobrara
Formation

Benton
Shale

sandstone, and laminated silty sandstone and shale at base; aquiler east of
RFETS

Dark gray, silty bentonitic shale and few thin, silty sandstones

Hygiene Sandstone Member in lower part

Olive gray to dusky yellow, very calcareous shale, thin bentonite, gypsum,

and lossiliferous limestone beds

Light gray, dense, fossiliferous limestone
___— Lightgray

Yellowish gray, sandy fossiliferous limestone

Dark gray shale with bentonite streaks, thin limestones in middle part

Lower
Crelaceous

South
Platte
| Formation

Morrison
Formation

Dark gray to black, brittle silty shale

Light gray, fine- to medium-grained cross-bedded sandstone, dark gray clay
stone in middle part

Light gray to tan, fine- to coarse-grained, locally conglomeratic sandstone,
frequent red and green siltstone interbeds

Gray to greenish-gray to red shale and siltstone, thin limestones in middle
part; lenticular sandstones In upper and lower part

Jurassic

Ralston Crack
ormation

Triassic

|
|
1

Lykins
Formation

Light gray siltstone and light red, silty shale; calcareous; chert nedules and
beds

Red siltstone and clay stone with two laminated limestones in lower part

Pinkish-gray, fine- to medium-grained, cross-bedded sandstone;

‘Permian

Lyons

150
Sandstone

E é’ E g/ conglomeratic lenses frequent

Fountain
Formation

800

Red, fine- to coarse-grained
sandstone and conglomerate,
arkosic, thin, lenticular red
siltstones frequent throughout

P

cambrian Pannsyivanian |

Precambrian X
~1.7 byr

— Gneiss, schist, and small

granitic infrusions 4

Moadilied from LeRoy and Weimer (1971}



Rocky Flats Geology

Most Important:

Rocky Flats Alluvium (and other surficial
materials, such as artificial fill and colluvium)
and the Arapahoe and Laramie Formations

Age Formatli Th. Description :
/ e Verdos 012" Reddish brown matrix, moderately sorted, sandy pebble grave! and
E Alluvium pebbly, silty sand
g R‘::;ky f:lats D'-100 Reddish brown to yellowish brown matrix, grayish-orange to dark gray,
uvium 8 poorly sorted, angular to subrounded, cobblas, coarse gravels, coarse sands

W Arapahoe Fm.|0'-50' 3 and gravelly clays; varying amounts of caliche; aggregate source
‘é —— Gray to yellowish orange clay stone, sandy clay stone, and clayey
= e sandstone, medium to coarse sandstone and chert pebble conglomerate
) — = locally at base
2 Laramie |600- ;——_: Gray, fine- to medium-grained sandstone and clay stones; thin coal beds
E Formation [800° [ mined in lower part
i = =

w

=1

(=]

S = - :

,g Fox Hills 90" Light olive gray to yellowish brown fine- to medium-grained cross-bedded

S | Sandstone | 140" 0720y sandstone, and laminated silty sandstone and shale at base; aquifer east of

= RFETS

S Pierre Shale |t 7600 Dark gray, silty bentonitic shale and few thin, silty sandstones
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Typical, Generalized Water Cycle

Frecipitation

o

Soil water

Infiltration
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Unsaturated ¢Gravity drainage " *«,
zone s
Recharge

Ground-water flow /7

Precipitation

L

From USGS: GSFLOW model

documentation, 2008
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Water Cycle at Rocky Flats

Precipitation (P)  Evapotranspiration (ET)

Unconsolidated
Material'and
WEE G E ()
Bedrock

r ET
Unweathered § i Va:rlgblte
Bedrock ontributing
£ =t Source Area

\

/

Seep Area
Return Flow

Modified after: Groundwater
IM/IRA, 2005
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Water Cycle at Rocky Flats (continued)
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Water Cycle at Rocky Flats (contmued)

Legacy
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Rocky Flats Water and Hydrogeology

m Semiarid climate
®* Only 12 to 15 inches of precipitation are received annually

® All but 1 to 2 inches of precipitation are lost each year due to
evapotranspiration (ET)

m Primary sources of groundwater
®* Recharge from precipitation
* Baseflow from west of the site
m Very limited amounts of groundwater are available
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Rocky Flats Water and Hydrogeology
(continued)

m Hydrogeology

* Two fundamental units

= Upper Hydrostratigraphic Unit (UHSU) — surficial materials,
weathered bedrock

= Lower hydrostratigraphic unit (LHSU) — deeper, unweathered bedrock
* Groundwater in some areas of UHSU is affected by past operations
Data show LHSU is hydraulically isolated from UHSU
Bedrock surface largely resembles ground surface

= Groundwater flows downhill along bedrock contact
= Generally west to east

UHSU groundwater discharges to surface water within the Central
Operable Unit

m This is why we monitor the groundwater — to watch for
threats to surface water

ENTQy
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Monitoring Wells

m Source of data

® QOver 1,400 wells and hundreds of boreholes have been
Installed since the 1950s

= Unnecessary wells abandoned according to Colorado State
Engineer requirements

®* Most monitoring wells are located on site

® Data collected
= Geologic
* Characteristics of the subsurface materials
* Depths of important features, like bedrock contact
= Hydrogeologic
* Water level
* Aquifer characteristics
= Chemical
* Field parameters (pH, temperature, etc.)
® Contaminants and other chemistry
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Historic Monitoring Wells
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Post-Closure Rocky Flats Legacy Management
Agreement (RFLMA) Monitoring

Figure 1

My.«.'
Water Monitoring

at Rocky Flats: RFLMA
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Groundwater Elevation and Flow

m Plot and contour map of elevations
m Estimate flow directions and velocities

where

velocity v = (%ldh dﬂ)

= K hydraulic conductivity
Z = effective porosity
dh/df = hydraulic grddlcnl
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The Water Cycle at Rocky Flats

Precipitation (P)  Evapotranspiration (ET)

Uncoensolidated
Material and
Weathered
Bedrock

Overlanc

Unweathered
Bedrock

\

Seep Area
Return Flow

Variable
Contributing
Source Area

Modified after: Groundwater

IM/IRA, 2005
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Water Levels

Hydrographs for hypothetical wells screening weathered bedrock and alluvium
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Water Level Example:

Rocky Flats Well 23296

m Sentinel well

m Adjacent to South Walnut Creek,
downgradient of ETPTS intercept trench

m  Shows influence of breaching dams for former Ponds B-1, B-2, B-3

m Not a strong seasonal pattern (GS10 is “always” flowing, helping to keep
this area saturated)

Hydrograph for Well(s) 23296
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Water Level Example:

Rocky Flats Well 51605

m Evaluation well
m Next to north Walnut Creek

m Seasonal pattern

m  Slow recovery after well
replacement Hydrograph for Well(s) 1386 / 51605
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Water Level Example:

Rocky Flats Well P210089

m Sentinel well

m Adjacent to solar ponds plume treatment
system intercept trench

m Shows influence of closure—removal of
drain and conversion to flat, marshy area—
followed by seasonal pattern Hydrograph for Well(s) P210089
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Water Level Example:

Rocky Flats Well 70705

Evaluation well
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Adjacent to east side of former Building 707

Shows influence of closure—removal of building,
parking lots, etc.—then ET-dominated seasonal pattern

Hydrograph for Well(s) 00200 / 70705
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Water Level Example:

Rocky Flats Well 89104

m Area of concern well
m Adjacent to Woman Creek

m Shows slow initial charge, then steady
with reduced seasonal influence

Hydrograph for Well(s) 89104
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Water Level Example:

Rocky Flats Well 90804

m Evaluation well
m On 903 hillside

m  Monitors groundwater beneath

slump-reworked claystone

m Steady water levels, essentially unaffected by seasonality and ET

Conceptual
sketch
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Hydrograph for Well(s) 90803 / 90804
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In the Future . ..

m Meeting discussion topics:
® Groundwater contaminants
® Monitoring network
* Treatment

Questions?
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