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Regional and Local Geologic Summary

at the Combustion Engineering, Hematite, Missowuri Plant

Introduction

I'his geologic summary was produced to demonstrate an understanding of the geologic features

occurring at and near the Combustior. Engineering (CE) plant in Hematite, MO and to document
a thorough successful search for known information. Gateway Environmental Assor tes, Inc
(Gateway) procured data from public information sources , case files of the Missoun ODepartment
of Natural Resources (MDNR) Division of Geology and Land Survey (DGLS), the Unitod States
Geological Survey (USGS) and several private sources. Meetings were Lield between Gateway,

DGLS and USGS te acquire the technical information cited and otherwise used in this report

'his document should be considered an executive summary for interested parties wishing to
understand the geology and hydrogeology of the area. This document was produced to assist CE,
their consultants and regulators who may wish to use the information to guide the negotiation and

development of a site specific hydrogeologic investigation work plan




Regional and Local Geologic Summary
at the Covsbustion Engineering, Her. tite, Missouri Plant

1.0 Regional Geologic Setting

Il Bedrock and Structure

The site is in northern Jefferson County which is on the north, northeast flank of the Pre-
Cambrian age St. Francis Mountains, Ozark Dome. Cambrian, Ordovician, Siluriar  “evonian
and Mississippian sedimentary formations of various depositional environments are draped on
the flanks of the dome. CE's Hematite, Mo. plant is situated over these formations. Based upon
the 1979 official Missouri Geologic Map and the Bedrock Geologic Map of the Festus 7.5
Minute Quadrangle by Whitficld and Middendorf, the uppermost bedrock beneath the site is the
lower Ordavician Canadian series, Jefferson City Dolomite. Figure 1 from a 1991 DGLS
publication, is an isopach map of the Jefferson City Dolomite. Figure 2 chows the site in
reference to the DGLS bedrock geologic map.

The .efferson City Dolomite is described by Martin et al. (1961) as mostly light-browr o
medium-br ‘vn, medium to finely crystalline dolomite and argillaceous dolomite. Chert which is
not abundant, is typically oolitic, banded, mottled or sandy. Lithologic succession within the
formation is extremely complex and varies among locations. The Jefferson City Dolomite, 125
to 325 feet thick in the state, is bounded by the overly ng Cotter Formation and beneath by the
Roubidoux Formation. Figure 3 is a stratigraphic column showing lithologies and the
relationships of the formations taken from the Bedrock Geologic Map of the Festus 7.5 Minute
Quadrangle by Whitfield aiid Middendoif.

The sedimentary rocks in this area dip very slightly and uniformly to the north, north-east. There
are no mapped or susy ected faults within several miles of the site.

1.2 Unconsolidated Deposits

The site is positioned in the valley of the Joachim Creek which has incised into the surrounding
Cotter ar -} Jefferson City For » ations. During late Pleistocene glacial regression, terrace units
were deposited in the Joachim Creek valley. These units are chiefly derived from loess and
colluvium. Mei.. (1992) stated that three processes are responsible for the deposition of valley
fill (terrac2). They are changes in groundwater base level, changes in level of the sediment
source area or significant change of ¢'imate in the source area and increase in sediment load from
the contributing streaun. Later during t ‘e Holocene, alluvium was deposited in the Joachim Creek
valley. Figure 4 ‘s a schematic cross-s.viion depicting these stratigraphic relations.

The MDNR's Bedrock Geologic Map of the Festus 7.5 Minute Quadrangle by Whitfield and
Mid lendorf describes the Holocene alluvium as clay, silt, sand and gravel chiefly derived from
local loess and colluvium. Colluvium is described as a mixture of residuum, from fines to

ro

AR JEOSUM WPD




‘ !ﬁm Poleozoic Succession n
{ Missouri, Part 2, Jrdowcion
| System, Thomos Thompson,
[ l\ﬂ'

e TEWA Y TMRRAENTA ASROOIATES INC

OUTCROP AREA OF
JEFFERSON CITY DOLOMITE

) /7”/4 OUTCROP AREA OF
g ' TY ROCK
\L S /| PRE- JEFFERSON CITY ROCKS

|
i {
% {
!
| |
| |
i |
| |
| |
| |
|
i
|
1
by
r - T o |
§i L Combustion Engineering
I ——— —— e ——
‘ E f ’gu'ff 1
l , lsopach ap
i | (:‘;?‘t’\r sSOnN e ty C olom te
| ; . - N s J
| i Hematite aliity
|
; + - S—— ._—-‘..-—.._-,~:-4
| | GATEWAY ENVIRONMENTAL ASSOL"'ES
i L . e -
i lscae 1” = 60 miles |PRE ‘RED BY v -
I REGSTEALD GEOLCOIST SCAL  LoAW. 4/21/97 PROECT. 96A00




<

"FPEEERE R NN X X N N N

pe— P 1 e



N ————— o

From: Bedrock Geologic Map of
the Festus 7.5 Min
MDNR, DGLS Geolog
Progrom, 1964 (Photorevised 1982)

Ouodrongle_
ol Survey

[ TKNESS
YSTEM | SemiEs FORMATION COLUMN N
FEETY
H'(lLl'Lo-
E g Ay ium i’_-;;.;i 1o 0«80+
< f ) 4‘ .:“.
E 'E Terroce :EF‘:_& 0-20+
W | |
§ Z Wisconsinon L oess (’i!\${}§|l"' 0-30
np 7
? Collyvigm 1}% %‘ 0-30
s Rasiduum o
“Residual  Sondstone” 0-10
gj é “Residual  Chert” 0-28+
P —
g Dec ron Grow 6 L uwie 80
Plattin  (imesions
§
g Joachim Dolomite 120.140
o
5 St Peter  Sandstone VAt st 30-40
o S
‘4
e’ | Bvorton Farmation 4).80
S S RS——— ]
é 3
e i -
"‘J o
5/ 5
S |
- ‘.
Cotler Dolom e 2 290- 400
A A
4 A
o
§ s 1
é i =
<
<
4
Jefferson City
T w e 150
Dotomite [
——

Combustion Engineering

Figure 3
Schematic Geologic
Stratigraphic Column

Hematite Facility

~

[ CATEWAY ENVIRONMEN TAL ASSOCIATFS







;
Regional an
i e | MOUSLLOr ,l ngineering
1 1
cobbles, and loess that is moving down slope as a result of slope wash and gravit)

accumulates at the base of valley slope

with the alluvium

'he MDNR's Bedrock Geologic Map of the Festu 7.5 Minute Quadrar
Middendort describes terrace d;’[‘n'»il* as clay, silt sand and gras el ( hiefly

loess and colluvium. Terraces contain ler
and clay

R-GEOSUM WPD

e il

es and in large valleys washes onto the

-
¢ £ ummar)
Hemati Missouri Pl

derived fror

floodplain

y
|

Colluvium

blendir

- | |
1 100l

lenticular beds of sand and gravel interbedded with silt

s




Regional and Local Geologic Summary
at the Combustion Engineering, Hematite, Missowri Plant

2.0 Regional Hydrologic / Water Supply Information

2.1 Precipitation and Steam Characteristics

The Missouri Water Atlas produced by the MDNR in 1986 was referenced to determine the
following. Figure 5 identifies that the area is in the Mississippi River drainage besin. The area
receives 38 inches average of annual precipitation with 12 inches average of annual runoff. The
maximum 10 day event expected precipitation is 9 inches in a given 25 year return

Obtained from the atlas, Figure 6 shows that Joachim Creek is a permanent flowing stream
indicative of a shaliow groundwater discharge point. Figure 7 shows the losing streams in the
basin. Incidentally, Figure 7 also shows major springs in the drainage basin, but does not show
. the spring (discussed latrr) near the site

Water Resources Report 25 estimates the Lase flow reces 1, which is the amount of water
which will flow in a stream after a 30 day rainless period. ae base flow recession minimum
observed flow from 1961 through 1965 on the Joachim Creek is 0.2 cubic feet per second. These
data indicate the stream is gaining.

2.2 Water Supp'y

2.2.1 Surface Water

There are no public water supply intakes on Joachim Creek. According to the EPA field
investigation report (1990) most of the residents of Hematitc receive their arirking water from
Rural Water District # 5. The report also states .t surface water is not used for drinking water
within a four mile radius of the site. This statement s probably correct but may be somewhat
flawed in that the report incorrectly located the site on its map.

2.2.2 Groundwater

According to Water Resources Report 30 produced in 1974 by the USGS and the Missoun
Geological Survey (currently named DGLS), domestic anu industrial water wells i the vicinity
produce water from the Powell - Gasconade aquifer group which includes the Jefferson City
Dolomite. Wells in the aren, especially to the west and southwest, intersect the Jefferson City
Dolomite if it is present, but do not derive significant quantities of water from it. The Jefferson
City Dolomite is generally not capable of sustained water production because of its low storage
capacity. Report 30 states that small supplies can be developed in the Jefferson City Dolomite
among other formations, but are subject to {ailure during drought or sustained pumping. Figure 8
from k.port 30 shows the aquifer us.ge by ~ _up and areal extent
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Regional and Local Geologic Summar)
at the Combustion Er sineering, Hematite, Missowri Plant

3.0 Site Specific Geology - Hydrology
3.1 Site Specific Physiography

The site is located in the physiographic subregion of the Ozark Mountains called the Salem
Plateau which is characterized by gently rolling hills of moderate topographic relief and gradient
A topographic site figure showing the general location of the site along with generalized
topographic features is included as Figure 10. It shows that the plant is located betweer the hills
to the northwest and floodplain of the joachim Creek to the southeast. The plant is located on a
terrace deposit which has topography that dips gently to the southeast. Southeast of the plant
approximately 400 feet, the ground surface elevation then drops into the alluvial plain of Joachim
Creek. Northeast of the plant approximately 300 feet, the surface elevation drops into a tributary
of Joachim Creek. Joachim Creek flows into the Mississippi River near Herculaneum.

3.1 Aerial Photography

Two major aerial photo search and archive firms were solicited for all available photos of the
site. Gateway was only able to acquired aerial photographs of the site for the years of 1962 and
1971. Unfortunately, neither of these photo sets shows open burial pits. The DGLS has a 1967
aerial photo on file which Gateway reviewed, showing open burial pits.

3.2 Site Specific Stratigraphy

3.2.1 Unconsolidated Sediments (Pleistocene Quaternary)

several subsurface investigations within the terrace deposit at and near the plant have produced
geotechnical and geologic information which allows a general stratigraphic interpretation to be
made

In 1967 Woodward - Clyde - Sherard and Associates produced a subsurface geotechnical report
which includes information on two borings. Boring B-1 found silty clay to 13.5 feet below
ground surface (bgs), a stiff highly plastic (fat) clay from 13.5 feet bgs to 21.5 feet bgs which
graded to a sandy silty clay which flowed water at 22 feet bgs. Water stabilized at 13 feet bgs
The boring continued through a sandy silty clay to 32 feet bgs where it encountered limestone
pieces in a sandy clay matrix. Auger refusal occurred at 36.5 feet bgs where limestone pieces
occurred. That point was probably at the Jefferson City Dolomite. Boring B-2 found a very
similar sequence with similar depths of equivalent stratigraphic units

In 1978 Woodwaid - Clyde installed two more geotechnical borings. Boring B-1 of this study
encountered a silty clay to 16 feet bgs at which point it graded to a fat clay. In this boring the fat

clay contained sand layers 2-3 inches thick. The fat clay with sandy stringers continued in this

A\RGEOSUM WD 15




boring {0 34 feet bgs where a medium grain sand o I { bgs to 44 feet bgs the
log shows a poorly cemented calcureous sandstone ! nestone that was pulverized

by the pounding sphit Spoon sampier Boring B car nilar stratigraphic

SCQUINCL

In 1988 Shannon and Wilson. Inc. (SWI1) installed six geotechnical borings which show similar
stratigraphic sequence to the two previous W sodward- Clyde reports. During 1991 SWi
conducted another geotechnical investigation, ins talling eight more borings. Only one of these
eight wan advanced below 22 feet. The eight logs report a siity cia) shallow followed by 2 fat
clay present at B feet to 10 feet bgs. Boring SW-3 was in talled to 32 feet bgs, which
encountered similar stratigraphyv to other boring

During August of 1996, Gateway performed a limited hallow stratigraphy and groundwater
quality analysis to determine the source of technicium - ¥ { " T¢) in a specilic groundwater
monitoring well. Gateway installed twelve porings and temporary gri undwater monitoring well
ranging from 15 feet 10 22 feet bgs. Subsurface information generated from this study supports
the cor2ept that there is # silty clay unit near the surlace b unded on the bottom by a fat clay

uni

Also in August of 1996, Gateway performed a limited shaliow stratigraphic analysis of an
the plar ‘dentified as the evaporation ponds rings in that investigation were installe
feet bes. Each encountered 2 feet (« feet of sil | initially, followed by

feet bes. A fat clay was not noted in that are ¢ e the bornings di
depth. Boring EP-3 encountered a sandy silt 11 t bgs to total deptt

sare 11 shows the top of fat clay as determined from locations of the geotecht ical borings
installed for the four peotechnical studies as well as the 18 borings installed by Uatewa) Fhis
map is useful for a gross determination oniy because elevation assumptions are inherent in 1ts
constructuion ['hat map shows that a fat clay exist beneath the site at varying depths. Some

borings may have not been advanc ed deep enough to encounter the fat clay

1.2.2 Site Specific Bedrock Stratigraphy

In 1956 Mallinckrodt Chemical Company installed an industrial high capacity water supply well

for the plant. The MDNR geologic log (number 14993) documents the bedrock stratigraph

encountered by the well. Unconsolidated sedinents are present 10 30 1eel bgs. The Jetlerson
MIE Was “"(“‘R"l‘ !fi‘”' 3 ! y ) A 10C bgs \ 1IDIGIOUX Was (,"';\"\lfx"\'fk'.l

from 125 bgs to 255 feet bgs, the uasconade m oo leel o 0 ¢ DES ¢ Gunter Sands

Member of the Gasconade from 455 feet bgs

470 feet bgs to the {otal \iczfiix which 18 600 fee

this well is presented in Appendix B
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3.1.3 Pertinent Site Specific Well Completion Information

3.3 Site Specific “ydrology

331 Surface Water Features
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Regicnal and Local Gealogic Summanr,
al the Combustion Engineering, Hematite, Missouri Piant

4.0 Summary

Sufficient general and site specific information 1s available to create a dependable understanding
regarding the geology, hydrogeology and hydrodynarmics of the area. Major aquifers in the area
have been identified as well as actual uses of those aquifers, both deep and shallow. The bedrock
structural features and stratigraphic relations have been recognized. Unconsolidated sediments,
their depositional environment, lithology and stratigraphic relations have been distinguished.
Information regarding surface water flow and usage has been included

Deep groundwater flows to the northeast and is discharged to the Mississippi River Valley. In
fact there is evidence that the bedrock aquifer(s) beneath the site is ( are) artesian. The Jefferson
City Dolomite the uppermost bedrock unit at the site is not hydraulically suitable for a water
supply because it has low hydraulic conductivity. Shallow groundwater flows toward the
Joachim Creek which has been identified as a permanent flowing gaining stream.

There is a low permeability fat clay unit present within the terrace deposit. That fat clay may act
as a barrier to the downward movement of perched groundwater.
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APPENDIX A
MDNR Specific Water Well Data
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DIVISION OF GEOLOGY AND LAND SURVEY
PO Box 250 111 Fairgrounds Rd Rotla. MO 654

I'he Water Well Dniller's Act (256 600 - 256 640, RSMo ) became effective on September 30,
1986 This law required that well drillers meet certain minimum construction requiements ~nd
report information on all wells drilled in the state of Missoun after this date The enclosed data is
the information we have on file for wells drilled atter 1986 in the area you requested The
information supphed to us is considered accurate, but has not been verified in every instance We
are providing the data we have been given and hone the following list will clarify any questions
you might have regarding abbreviations used in the attachment If you have any questions or need
additional information, please feel free to contact Sharon Beistel at (573) 368-216R

ABBREVIATION EXPLANATION
REFNUM INTERNAL NUMBERING SYSTEM USED IN
| [RACKING THE WELL RECORDS SUBMITTED
1O OUR OFFICE
SWI STATIC WATER LEVEL - MEASURED IN FEET
4’ Hum IIII LLAND SURFACE l)()\\'\
YIELD L\” ASI Rll)l\(.\ll()\\HR\H\ I'l
US] | D- DOMESTIC WELL
F- MULTI-FAMILY WELI
H- HEAT PUMP WELI
I- IRRIGATION WELI
M- MONITORING WELL
N- NON-COMMUNITY WELI
§ O- OTHER
feat e o P- PUBLIC WATER SUPPLY WELL
[TOTAL D S FTOTAL DEPTH-MEASURED IN FEE1
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APPENDIX B
MDNR Well Log # 14993




PR-18-1C77 12:35 MO DNR/DGLS

rauossB 5807 DR AT"""

Log ¢ Owner :UNITED NUCLEAR CORP St:MO Cnty:JEFFERSON

014993 SW NE SW TRS: 809 T40ON ROSE
Alias: Lat.:36,12,25.565N
Type weli:industrial High Capacisy Well Long.:90,28,39.937W
Type log: S Quad:38090B4
Driller:HAVERSTICK WELL CO Date: /1956
Drille- Liscense #:

Cconfidentiel:N Release Dt. /
Logger :R.D.KNIGHT Date:)9/1556

Elev.: 436 Elev.§ Yield: 125 SWL:(a) 13 H20 &:

o
T.D.: €00 base: DrDwn: Y SWL: (b)

Bedrock at: 35 Samples saved:Y Int. cored:
Top Fm.:JEFFERSON CITY DOLOMITE

Bot Fm.:EMINENCE DOLOMITE

Problems:

Remarks:® HEMATITE; FORMERLY MALLINKRODT CHEMICAL CO; WELL ORIGINALLY FLOWED

a5 b e ®»w e «cuwConanstrzuction LR (R L SR SR B o i R N
Log #:014993 Dace Completed: /1956
CASING: Dpth: <220 Diam: 8§.00 1/0:0 Sz. Hole: 0.00 Sz. Below: 0.00

0 0.09

0 0.00

0 .00

GROUT: Type Rig Methd Dt Abnd Plug Date Top Bottom
/ / 0 0

PUMP : cap Type Set at TDH scrn Typ Size Lgth Slot
0 0 0 0 0 0

Wwell Treat Type Dev Typ Compl Perf. Interval Tube Pres. 0il Cas
Top: 0 Bot:

Open Top : ROUBIDOUX FORMATION
Formations Bot:EMINENCE DOLOMITE
Other data sources!:

Remarks:

cwesosewe===tratigraphny

Log #:014993 ~=Lith=-
Top Base Name Pr S§c Mn
0 35 NO SAMPLES
35 470 ORDOVICIAN SYSTEM
15 470 CANADIAN SERIES
3§ 12% JEFFERSON CITY DOLOMITE
125 255 ROUBIDOUX FORMATION
255 470 GASCONADE DOLOMITE
25% 315 UPPER GASCONADE DOLOMITE
25% 305 "RICHLAND DOLOMITE MEMBER"
315 455 LOWER GASCONADE DOLOMITE
455 475 GUNTER SANDSTONE MEMBER
470 600 CAMBRIAN SYSTEM
470 600 UPPER CAMBRIAN SERIES
470 600 EMINENCE DOLOMITE
§09 600 TOTAL DEPTH
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