— —

- T (T~

Qf;‘ "

\5?5‘? 5

R-585-2-6-19

SITE INSPECTION OF
C & R BATTERY
PREPARED UNDER

TDD NO. F3-8503-29
EPA NO. VA 281
CONTRACT NO. ,68

45 CORPORATION
PER FUND DIVISION

SUBMITTED'B YEVIEWED BY APPROVED BY
RICHARD J. GORRELL  WILLIAM WENTWORTH GARTH GLENN

- ENVIRON. ENGINEER ASSISTANT MANAGER MANAGER, FIT 11l
Disclaimer: This report has been prepared for the U.S. Environmental

Protection Agency (EPA) under Contract No. 68-01-6699. The
content does not necessarily reflect the views and policies of EPA
nor does the mention of trade names or common products
constitute endorsement by EPA.

100129



————C -

Site Name: C & R Battery
TDD No.: F3-8503-29

DR
TABLE OF CONTENTS £
SECTION : PAGE

1.0 INTRODUCTION 1-1
1.1 AUTHORIZATION iI-1
1.2 SCOPE OF WORK 1-1
1.3 SUMMARY 1-1
2.0 THE SITE ' 2-1
2.1 LOCATION 2-1
2.2 SITE LAYOUT 2-1
2.3 OWNERSHIP HISTORY 2-2
2.4 SITE USE HISTORY 2-2
2.5 PERMIT AND REGULAT@ CTION Hl1 2-3
2.6 REMEDIAL ACTION TQ 2-4
3.0 ENVIRONMENTAL 3-1
3.1 WATER SUPPLY 3-1
3.2 SURFACE WATERS 3-2
3.3 GEOLOGY AND SOILS 3-2
3.4 34
3.5 3-5
3.6 3-6
3.7 3-6
R 3-7
39 3-8
4.0 4-1
500 5'!
5.1 5-1
5.2 J-1
5.2.1 3-1
5.2.2 5-2
5.2.3 5-2
5.3 5'3
5.4 5-5
5.5

5'6

6.0 WABORATORY DATA 6-1
6.1 SAMPLE DATA SUMMARY 6-1
6.2 QUALITY ASSURANCE REVIEW 6-2
6.2.2 INORGANIC 6-2
7.0 TOXICOLOGICAL EVALUATION 7-1
7.1 SUMMARY 7-1
7.2 SUPPORT DATA 7-2

ii



e il

APPENDICES

I G G

A
B

1.0

1.0
1.1
1.2
1.3
1.4
l.5

Site Name: C & R Battery
TDD No.: F3-8503-29

97 i, s
Lk sl
Toaa

H
[

COPY OF TDD

MAPS AND SKETCHES
SITE AND SAMPLE LOCATION
SITE SKETCH

SAMPLE LOCATION MAP
PHOTOGRAPH LOCATION )
THREE-MILE RADIUS MAJ

1YDROGEOLOGIC
THE VIRGINIA

ASSURANCE
T DOCUMENTATION

LABORATORY DATA SHEETS
ARGINIA'S ENDANGERED SPECIES

iii

A-l
B-1

C-1

100131



SECTION |

100132



e — g m m m e ——— -

Site Name: C & R Battery

TDD No.: F3-8503-29

1.0 INTRODUCTION

1.1 Authorization

NUS Corporation performed this work under Environmental Protection Agency
Contract No. 68-01-6699. This specific report was prepargd in accordance with
Technical Directive Document No. F3-8503-29 for the C &
in Chesterfield County, Virginia.

Battery site located

1.2 Scope of Work

by FIT Il and reported to EPA undér pré fer also to the following
reports for additional informatiorny unent report, TDD No. F3-
3407-32; non-sampling site reconngissan TDD No. F3-3502-13; and

1.3 Summary

On April 23, il persegnel, accompanied by Pauline Ewald and Kevin
Greene, of the ini st HealthyDepartment, visited the C & R Battery site

Richmond, Virgim € early 1970s to inid-1985. Activities on site have been

conclusively identifiesq As the reclammation and recycling of lead and lead
coinpounds from discarded auto and truck batteries. The reclamation process was
facilitated by a nonspecified battery saw/breaker equipped with conveyors and
automated naterial segregation components. In addition to the use of on-site
machinery, the day-to-day operations of the site were accomplished by several

laborers under the employment of the site proprietor, Mr. Charles Guyton.
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Site Name: C & R Battery
. TDD No.: F3-8503-29

N Generally, on-site activities included the receiving of bulk shipment's'of discarded
' batteries, the processing of the batteries, and the on-site storage of both reclaimed
lead and pulverized battery casings. Materials (lead, lead compounds, and battery
I casings) were stored on site in drums, open trailers, and large open tank containers
or were piled on the open ground surface.
I The Virginia State Water Control Board (VA SWCB)
monitoring site activities since the late 1970s. Accorg
l of VA SWCB, during the approximately 15-year oper

of batteries have been processed. Reports have
battery casings, in excess of 20 feet in height,
site,

VA SWCB has initiated
numerous actions including a court-ordered Conserg Inj jon for the submittal of

1
A Zinia Occupatioral Safety and
Iso had extensive involvement at the site,
' A, between 1978 and 1983, several
cases of confirmed ledd i ) aevbeen reported by physicians of site
l employees. excess of $60,000 to Mr. Guyton, for
!
1
i

The area within whish Ahe site is situated can be characterized as scattered
residential and industrial, There are numerous homes within a l-mile radius of the

site which utilize private wells for drinking water sources.
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Site Name: C & R Battery

TDD No.: F3-8503-29

A review of available geologic information reveals that the site area is situated
over a probable recharge zone to the Middle Potomac aquifer. A sizable population
(estimated at approximately 840} has been tentatively identified as using wells
which probably tap this aquifer,

On-site soil samples collected by FIT IIl revealed high levgls of several inorganic

priority pollutants. Groundwater samples drawn from opésite fhonitoring wells by

FIT Il have also exhibited qualitative evidence of Anorgafig priority pollutant

contamination.
From a toxicologic/human health assessment tion of lead-
contaminated dusts from the site may be of/potepti Ith concern to residents

ife of the site exhibited no

inorganic compounds at levels whixh may-pose humap’ health concern. However,

elevated levels of sodium were identified i hofmie~well. The home owner should

be notified of these levels.
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Site Name: C & R Battery

TDD No.: F3-8503-29

2.0 THE SITE
2.1 Location

The C & R Battery site is located approximately 6 miles southeast of Richmond,
along the north side of Bellwood Road, approximately 3,750 feet east of Interstate

Survey (U.S.G.S.) topographic quadrangle maps (see figures 1 ahd 2 in appendix B

for site location maps and sketches).

2.2 Site La!(}ut

The site consists of a battery processing s3 [shreddér designed to separate and

recover lead from discarded auto and truck batteries:

The battery crusher

machine, reclaimed materials, was{é and aN\ofher related activities and

The site is basically a rectangass . ¥Ch slopes generally 3 to 5 percent to
located within the south central
portion of the lot.

central area of the s4 he bAttery crusher. Material stockpile areas

field verified sinde_ it was bdried by battery casings and soil.

2-1
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Site Name: C & R Battery

TDD:No.:. F3-8503-29

fri
The site is bordered on the south and west by open fields and wood lots. Capital
0Oil Company, a small fuel oil distributor, borders the site on the east. North of the
site are residential properties and the James River. Adjoining terrain is generally
topographically similar to the site, with the exception of the Drewry's Bluff area,
located approximately 1,400 feet due northwest of the site. The Drewry's Bluff, an

historic area, is characterized by a steep 100 to 120 feet high bluff overlooking the

James River.

2.3 Ownership History

The &4-acre parcel on which the battery breakey'is situated is cb

ly under the

ownership of William and Edward Zacharias of Rjhgfiogd, Virginia. Information

2.4 Site Use History

According to Mr. Guyton, bg aCtivities at the site began in 1970.

Products and waste matepfals generfted b

oxide, lead, plastic ba erg mateny and sulfuric acid. Prior to 1970, the
site had no specific {se and™wds desecibed/by Mr, Guyton as a wooded vacant lot.

operation include lead sulfide, lead

conducting of previdug Areliminary assessments and site reconnaissance field
investigations, was not present during the site inspection. In fact, the site was
abandoned at the time of the Apri} 23, 1985 field visit. YA SWCB has reported that
Mr. Guyton abandoned the site, ceasing operations permanently earlier that

month.
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Site Name: C & R:Battery

TDD No.: F3-8503-29 -

2.5 Permit and Regulatory Action History

Regulatory actions by both EPA and VA SWCB have been summarized as follows:

Federal: EPA initiated applicable preliminary assessment, nonsampling site
reconnaissance, site inspection, and hazard ranking system reports. Please
refer to EPA file VA-281 for details.

compliance had not been achidyved. ¥A SWCB nolpd serious concerns over the

financial stability of C & R Battkry andAts yigrate ability to assume the cost

igting standard (standard for lead is 50 ug/cubic

easured at ranges from 50 to 112 ug/cubic meters.

issued to the opeératdr for noncompliance. (Although not confirmed, penalties

in excess of $60,000 have reportedly been issued.}

2-3
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Site Name: C & R Battery

TDD No.: F3-8503-29

2.6 Remedial Action To Date Lo

There have been no EPA-related remedial actions at the site, As a part of its
regulatory authority, VA SWCB requested a site reclamation plan and wastewater
discharge permit application from the C & R Battery operator. The operator
subsequently procured an engineering firm to prepare the applicable documents.

As of August 20, 1984, VA SWCB had received several amgndmeghnts to the proposed

site reclamation plan, but had not approved any submi During some time in
late 1983 or early 1984, the operator took it upon h te reclamation.
According to the operator's reports, battery cas d been rembdyed, surface

FIT IIl observed buried crushed battery casings in™~3 locatidgs.

Refer to sections &

and central areas of the site havé\not received any r2medial work (see appendix
c).) b
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Site Name: C & R Battery
TDD No.: F3-85G3-29

3.0 ENVIRONMENTAL SETTING o
i,

3.1 Water Supply

Water supplies for the population within a 3-mile radius of the C & R Battery site
are developed from both surface water and groundwater, sources. The areas

the Chesterfield
County Public Utility Water Service Department. Se¢lrces{for the Chesterfield

situated west and south of the James River are servifed D

County supply systemn, according to Mr. Harold Angérson, watérworks supervisor,

maps indicate that the vast majority of tHi serviced by water main

extensions. However, several small resi

ome well areas through
provided by the Utility

Department, through subsequent e

interpretation of water line distributjon maps,
m gversations with the utility

department personnel, and t gbor survey made under TDD no. F3-
3502-13. Figure & in app¢ s the summarized results of this effort,

In an attempt to idedti
the James River, : ida_ County Utility Department was contacted.
According to A jciespiNdski, ap employee of the utility department, county
distribution R xnd Wto the area encompassed by the 3-mile radius
around the/C & R Batter

domestic subpglies.

site} Residents within this area utilize private wells for

3-1
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Site Name: C & R Battery

TDD No.: F3-8503-29

3.2 Surface Waters

The C & R Battery site is drained by a small intermittent stream/drainage ditch
which discharges into the James River at a point approximately 600 feet north of
the site. The drainage ditch has been channeled within the vicCinity of the C & R

site. Low flow during summer months precludes macroigvertebrate and other

aquatic animal life in the ditch. Likewise, there are fio water intakes either
upstream or downstream from the C & R Battery site.

the C & R site boundary to the discharge point, averag aately 6 percent.

3.3 Geology and Soils

peizometers-monitorihg / wells, Additionally, Froehling and Robertson,
Incorporated, of Richmond, Virginia, collected 11 hand auger samples across the
site at various depths and locations (refer to appendix D for a copy of the described

reports).
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Site Name: C & R Battery
TDD No.: F3-8503-29

—_ A review of the logs developed from the borings associated with the Saj}ré ‘and

Associates study reveal that strata below the C & R Battery site, to a depth of 45
feet, consist of alternating layers of clay, sand, and sand and gravel.3 Specifically,
the subsurface materials at the site consist of varying depths (I to 10 inches) of
crushed stone, plastic battery casing materials, sandy clay, and, in the central area

of the site, a 6 inches thick concrete slab. A 3 to 8 feet thick layer of gray clay

with brown sand seams exists under the surface layer. Begeath ghis clay, at depths
of up to 27 feet, there is a layer of sandy clay. Under phe sagdy clay, there isa 10
feet thick layer of fine to coarse sand. At 37 feey, coarse sahd and gravel was
encountered. The deepest coring on site reached

encountered at that depth.3

[ T N . T N N

51! at 205 feet, was recorded

N as red granite, The well was cased to\a de RuAeet. A screened interval was
placed at 30 to 105 feet belg ce. WAter was encountered in this well at
| both 90 and 184 feet.

within the reworked flood plain ofghe James River, The Coastal Plain Province is
described as a g and dipping sedimentary wedge composed
principally of/uncopaei yraveld, sands, silts, and clays. These deposits rest on
a rock surfé . plex) that also slopes gently eastward.

Available informmstion frog

geological publications indicates that the site is
situated over the Potdxuat Formation of Lower Cretaceous age.? The Potomac is
described as consisting of alternating sequences of fine gravel, coarse sands, and
silty to sandy clays.? Beneath the Potomac is Precambrian basement rock. The

basement rock is described as a complex of schists, gneisses, granites, and

cover of saprolite.

100144
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Site Name: C & R Battery

TDD No.: F3-8503-29

3.4 Groundwaters

A recent publication (1984), entitled the "Hydrogeologic Framework of the Virginia
Coastal Plain" has been utilized as a reference for the compilation of this section,
This publication was developed by U.S.G.S. under the auspices of the Virginia
Regional Aquifer System Analyses Program. The major goalg of the report were to
identify and define the regional hydrogeologic framewqg the Coastal Plain

sediments of Virginia and to further describe the subsupface €oastal Plain geology

and hydrology.?

delineated and defined throughout the cglrse /o 4-year intensive field

Potomac Formation, the upper, lowe p-aguifers. Each is segregated by
a confining clay layer within_the arn and Aoutheastern area of the reference

report study area. FIT I¥s interprgtation of this report indicates that the C & R

The reference report™qdi€ates that a clay layer, identified as the Middle Potomac
confining bed and consisting of clay and clayey silt layers, extends along the top of
the middle Potomac aquifer, This clay bed, as based on reference report contour
maps, pinches out within the vicinity of the site. The description of the geology
beneath the C & R Battery site in section 3.3 indicates a clay layer ranging from 3
to 27 feet in thickness. Whether or not this correlates to the middle Potomac

confining bed and its continuity over the site is not documentable,

3-4
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Site Name: C & R Battery

TDD No.: _F3-8503-29

It is therefore concluded that the principal aquifer of concern is the middle
Potomac sands and gravels.5 As illustrated in figure 5, appendix B, this aquifer
probably extends far enough west that shallow water supply wells (from 10 to 100
feet deep) within 3 miles of the C & R Battery site probably tap it. Wells deeper
than 150 to 200 feet most likely draw from basement rock aquifer, unless screened
at shallow levels. Since the basement rock and saprolltic cover are, in part,
recharged by the overlying materials, the crystalline co is also included as
part of the aquifer.

aquifer at increasing depths east of the site

confining layer also thickens to the east.

The study area is | in an area which experiences warm summers and mild
winters with an average annua! tenperature of about 57°F. The normal annual
total precipitation ranges from 32 to 48 inches and the mean annual lake
evaporation for the area is 40 inches. Net precipitation, therefore, ranges from 0

to 8 inches annually. The prevailing wind direction is to the south,
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Site Name: C & R Battery

TDD No.: F3-8503-29

3.6 Land Use

Land use within a l-mile radius of the site is a combination of agricultural,
commercial, industrial, and scattered residential. An oil distribution/storage
facility is located directly adjacent to the eastern boundary of the site and a

vacant wood lot it located along the western border. The inpactive, reclaimed Fort

Darling Landfill is situated approximately 1,750 feet the site. Several

private residential homes are located just north of the g afjacent to the James

River,

The 3-mile radius around the site can be clfarac y developed
residential, commercial, and industrial wit ern portion of the study
area. In particular, the 1-95 Richmond-Pe e corridor, which hisects
the western portion of the study area, is a he oped commercial area. The
400-acre United States Defense Supply Center approximately 2 miles
due west of the site and several Ciy 4 al parks are interspersed
within the study area. Those la he James River within the

study area are mostly residential.

3.7 Population Distributi

[-mile radius of the site can be
Available current U.S5.G.S. topographic maps
r 300 persons residing within this area.
dense within the eastern and western portions
t maps have not been obtained for these areas, and

aps depict residential developments as color-shaded

areas, indicativengf home Aevelopment which is too dense for 7.5 minute map
representation., Undéxthese considerations, the total population within the 3-mile

radius of the C & R Battery site cannot be determined at this time.

3-6
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Site Name: C & R Battery
z TDD No.r F3-8503-29

\ 3.8 Critical Environments i

e

The C & R Battery site is situated at 55 feet above mean sea level (MSL), and is
located approximately 60 miles inland, away from coastal wetlands, The distance
from the site to freshwater wetlands is greater than | mile,

of the Chesterfield County (refer to appendi

information).
As previously described, there are numergus hi i vil War battlefield parks
within the study area. i Darling Park is situated
approximately 2,600 feet northwest of the he Redmond National
I Battlefield Park is located across prgximately 2 miles east of
1 the site.
N
Finally, the James River its an b® consigéred within this section due to its
l recreational value. aturalist Ralph White (Richmond
Department of Parks apd es River within the vicinity of the C

& R Battery site is uged ext ve! nleasure boaters and fishermen,

—t b

3-7
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Site Name: C & R Battery

TDD No.: _F3-8503-29

P :
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3.9 References .

2.

3.

3.

United States Department of Agriculture, Soil Conservation Service. Soil
Survey of Chesterfield County, Virginia. 1974.

NUS Corporation, FIT IlI. Site observations made duging April 3, 1985 site
inspection at the C & R Battery site, Ches
TDD No. F3-8503-29.

trfie[# County, Virginia.

Meng, Andrew, and John F/ Ates Geological Survey.
Hydrogeologic Frame

report 84-728. 1984,

erk of,_the VirginiayCoastal Plain, Open file

v

3-3

100149



- ——

SECTION &4

100150



+

— — - =

Site Name: C & R Battery

TDD No.: _F3-8503-29

4.0 WASTE TYPES AND QUANTITIES

Based on the previously described on-site operations, a review of analytical reports
from samples collected, and observations made during the field investigation of the
C & R Battery site, waste substances and significant characteristics associated

with each can be summarized in the following table., Fop analytical results of

samples coliected on site (which details concentratiofs o

pollutants) refer to section 6 of this report. For t

existing contamination, refer to section 7 of this repgft.

WASTE CHARACTERIZATION

MAYARY TAB

inorganic priority

ic considerations of

WASTE ESTIMATED
WASTE TYPE LOCATION CONTAINMENT QUANTITY
raw lead southern and variable based on

central are
of the sit

opemnparrels,
trailer squckg)

production;
probably low at
present time
since facility is
abandoned

various lead
compounds and
miscellaneous
inorganic priority
pollutants

el

istribute

ove tire
site ayea

\}) containment

unknown

lead-contamipfated
s0il

no containment

170 tons (see
appendix F)

lead-contamin
groundwater

distibu over
Ohe site area
\/u

ngér site area;
extent of plume
ot identified

no containment

unknown

sulfuric acid

south central area
of site

storage area but
no continuous
containment

unknown

agricultural
grade lime

northern area of
site

4-1

no containment

150 tons (see
appendix F)
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Site Name: C & R Battery
TDD No.: F3-8503-29

WASTE ESTIMATED
WASTE TYPE LOCATION CONTAINMENT QUANTITY
crushed plastic scattered over no containment unknown; some
battery casings entire site area quantity may be

4-2

buried on site
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3.0 FIELD TRIP REPORT

5.1 Summary

Site Name: C & R Battery

TDD No.: F3-8503-29

On Tuesday, April 23, 1985, FIT Il team members Richard Gorrell, Edmund

Reardon, Edward Helmig, Thomas Pearce, and Robert Wer,

er visited the C & R

Battery site to perform the site inspection as tasked. Agfompghying the FIT team

this reconnaissance, background samples

(groundwater) and soil samples were collg

well samples.

performed
Following

In all, 12 aqueous and 11 solid samples \\Qre obtained Ancluding blanks, duplicates,

and filtered groundwater samples.

5.2.1 Prior to Field Tri

Lee Cobaugh, P.E.
Cobaugh, Blanton Assoc.
P.0O. Box 83822
Richmond, VA 23225
(804) 271-9407
{Consultant)

5-1

ich was previously confined to a

been expanded in size. This area was

these/conditions, a potential emergency response

Kevin Greene

VA State Health Department
101 North 14th Street
Richmond, VA 23219

(304) 225-2802

(State contact)

|51
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Edward Zacharias, President
Capital Oil Company
Bellwood Read

Richmond, VA 23230

(304) 271-1220

James Henley, Plant Manager
Carbonic Industries

Bellwood Road

Richmond, VA 23230

(804) 222-5457

Darius Ostrauskas

U.S. EPA Region III

841 Chestnut Building
Ninth and Chestnut Streets
Philadelphia, PA 19107
(215) 597-6438

5.2.2 At the Site

Pauline Ewalid
Kevin Greene
VA State Hea'th Department
101 North 14tn Street
Richmond, VA 23219
(804) 225-2802

5.2.3 Post Field Trip

Haywood Wigelswort
Hydrogeologist
Henrico Co. Healté

Timothy Perry
Hydrogeologist
VA SWCB

Richmond, VA
(804) 257-6667

5-2

Site Name: C & R Battery
TDD No.: F3-8503-29

Keith Holliday, Acid Supervisor
L.E. Dupont Company

James River Plant

Bellwood Road

Richmond, VA 23230

(804) 743-3772

Harold Anderson
M. Brown
Charles Quaffe
Chester

Ches Co. Courthouse
Ch VA 23832
(8

Ralph White, Naturalist
Richmond Dept. of Parks
and Recreation
Richmond, VA

(804) 231-7411

Andrew Meng, Hydrogeologist
Jerry Larson, Geologist
U.5.G.S. Div, of Water
Resources

State of VA Regional Office
3600 West Broad St., Rm. 606
Richmond, YA 23230

(804) 771-2427
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Post Field Trip (continued)

C.C. Norris, Geologist
Sydnor Hydrodynamics, Inc.
2111 Magnolia Street
Richmond, VA 23261

(804) 643-2725

Raymond Showalter, Chemist
Froehling and Robertson, Inc.
3015 Dumbarton Road

Box 27524

Richmond, VA 23261

Marilyn Plitnik
Hydrogeologist

U.S. EPA, Region III

841 Chestnut Building
Ninth and Chestnut Streets
Philadelphia, PA 19107
(215) 597-3154

Site Name: C & R Battery

TDD No.: F3-8503-29

Amy Wajciechildski
Engineer Tech.

County of Henrico
Dept. of Public Utilities
P.O. Box 27052
Richmond, VA 23273

(804) 747-4506

Richard Arderson, Inspector
Dept, ¢ Labpr and Industry .
VA Spate Q€cup. Safety and

poud
(3]
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Site Name;: C & R Battery
TDD No.: F3-8503-29

5.4 Site Observations

Upon arrival at the site, at approximately 8:15 AM, it was determined that
the site, an active battery recycling facility, was shut down for the day.
There were no employees or other site representatives present during the

entire time that FIT Il collected samples and remained on site.

The acid storage area had expanded in surficial arg4 e the previous FIT

of soil material into | of the acid puddles, 3 i eaction occurred.
There was fizzing and bubbling, which i stive ol\an acid-base

gray and gray-white sludge-like subsla
(probably lime), gray powde

evel, The first well was found to be approximately

br was observed in this well. The second well was

feet from surface elevation. Based on existing dry
conditions, on the small volume of water in the well, and on-time
constraints, the decision was made not to purge the well and coliéct the
sample. Water drawn from this well was observed to be orange stained

with significant orange-colored suspended particulates.

-3 100159



————rmm e ——— = = -

-

Site Name: C & R Battery
TDD No.: F3-8503-29

A 36-inch diameter, concrete-cased well was also discovered on site. This
well was equipped with an above ground pump and related plumbing
fixtures for providing water for the site office. At the time of the FIT
field inspection, power was not available for operating the pump. Water
level was recorded in this well at approximately 26 feet from surface
elevation. Total depth of the well has been reported at approximately 30
feet, The sample was drawn from the standing water and observed to be
clear with little or no suspended particulates,

Upstream and downstream aqueocus samples collected due to

existing dry conditions.
No abnormal HNU or radiation mini~; eadings were
site.

The site operator had requested split sax he splits were collected at
ance to the site office.
ese split samples and sign

sample receipt forms.

109160
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5.5 PHOTOGRAPH LOG

Photo 1-

Downstream Sample Location No. 4

i

Photo 2-
R. Gorrell and R. Werner recordi

5 I 0 P | - 4 b bl . e
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Photo 3-
Soil sample no. 6 {see orange clay and
gray substance in background)

—_ Photo 4-

— R. Werner hand augering soil
- sample no. 15
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- Photo 5- ) _
R. Werner and E. Helmig collecting

soil sample no. 7

- Photo 6- —_
_ L. Helmig hand augering soil sample -
no. 12 (see white powder on surface) —
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Photo 7-

T. Pearce and R. Gorrell collecting
groundwater sample no. 1
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PART 1 - SITE LOCATION AND INSPECTION INFORMATION

~ POTENTIAL HAZARDOUS WASTE SITE LL?‘_"I:’J:'E%?'%?‘:
01 STATE| 02 SiTE WUMBER
wEPA SITE INSPECTION REPORT VA_|28]

I. SITE SAME AND LOCATION

(BT GTE NAME LB COMION Or ORICATLYE RamE of MY,

C & R Battery

1320 Bellwood Road
04 STATE | Ok DP COOE .~ ] 06 COUMTY

02 STREET, ROUTE NO . OR SPECIFIC LOGATION IGENTFER

o3y 08 P COOE Pr:&:'?{{
Richmond VA 123234 Chesterfield 760
m 10TYPE IECW- -
CATITUCE R A PRIVATE . FEDERAL D C.STATE = D COUNTY = E MUNICIPAL
37023' (4" . _ l_71°_§.4‘.541_._ C ¢ OTHER T G UNKNOWN
W, INSPECTION INFORMATION
(-1 ﬁfi a WEFEETION 02 SITE ITAm Qv A THOM
0 AchvE
04 ,23 .85 e e UNKNOWN
e E NacTive BEGINNING YEAR  &WOWG YEAR
"'m Y PERFORMNG INSPECTION /Chece oF mal ey
SAaera Eperacontaacton NUSFEITIL —  TC MUNCIPAL T D. MUNICIPAL CONTRACTOR —
T E STATE T F STATE CONTRACTOR : — C G OTHER S
m TIoh 08 TECEPONE VO_
Richard J. Gorrell Environmental Engineer NUS Corp. 515'687-931
o8 OTHER MCTOHS 10 TITLE 11 ORGAMZATION 12 TRLEPPMONE NO

Edmund Reardon

Edward Helm 15_

Environmental Engineer

Environmental Engineer

NUS Corp.

INUS Corp. | %15'687-951¢

815'687-951

Thomas Pearce

Environmental Techniciar

[NUS Corp. _{%15'687-951

Darius Ostrauskas

U.S. EPA Region I

G4 PERSON RESPONSHILE FOR SITE INSPEC TION FORM (08 AGENCY 08 ORGANZATION
Richard J. Gorrell NUS Corp. | FIT il

EPA FOMA 2070-13 (T-91)

198169

Robert Werner Geologist NUS Corp. 215'687-951
VA State
Kevin Greene Geologist Health Dept. | '804'225-280
t3 SITE REPRESENTATIVES INTERVIEWED 14 TITLE L| SADORESS 18 TELEF=ONE MO
Site representatives not present during site inspectién ¢}
. P.O. Box 3715
Charles Guyton Proprietor Richmond. VA 23230 ‘804 271-120
¢ )
(I
« )
t )
mma ] 18 TIiE OF INSPECTION T8 WEATHEA CONOITIONS
X PEAMISSION
0] WARRANT 8:30 AM Sunny, dry, 750F
IV, INFORMATION AVAILASLE FROM —
01 CONTACT 02 OF Aguney. Organu siman) 03 TELEPMONE O
1218 597-648

07 TELEPRONE NO.

: 7-9510

GO DATE

WONTM Dar rEN
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V. HAZARDOUS SUBSTANCES ses 2000meu 2 mon agusnt ; cieg CAT Ay moens,

a POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION
\-’EPA SITE INSPECTION REPORT STSTATE [CZ SITE Nuweer
PART 2- WASTE INFORMATION AL 281
i, WASTE STATES, QUANTITIES, AND CHARACTERISTICS
701 PHYSICAL STATES Crech o« inei aoer Gz WASTE QUANTITY AT SITE 03 WASTE CHARACTEMSTICS ‘Crecs oo 7ol hopr-
ity ivaed vt A T0RC X ¢ SOLUBLE | PIGHLY VOLATILE
X e e rmes ¥ & cove 1ons __171.8 § COMROSIVE FMFECTIOUS  _ J BXPLOSIVE
¢ SLUDGE " & GAS (see bel € MADIOACTIVE . G FLANMARLE X x MEACTIVE
CUBC vARDS elow) . D PERSISTENT  IGNTABLE L NCOMPATIBE
R —_— . M NOT APSLICAR.E
* 1Soetity NO OF DAUMS
N WASTE TYPE
CATEGORY SUBSTANGE MAME 01 GAQSS AMOUNT 02 UNIT OF MEASURE] 03 COMMMENTS
SLY SLUDGE
OLw QILY WASTE
SOL SOLVENTS
PSD PESTICIOES
oce OTHER ORGANC CHEMICALS
oc INORGANIC CHEMICALS -
ACD ACIOS unknowq uncontaiped "oy "
BAS BASES o
MES HEAVY METALS 171.8 tons based on soil analysis

ME AS JRE 5‘
NCEN R T,

1 CATEGORY 02 SUBSYANCE NAME Q3 CAS NUMBER G4 STORAGE OISPOSAL METHOD 05 CONCENTRATION
MES {lead contaminants foundin _y 62,95 | PPM
MES | cadmium on-site soils groundwater Gy ppm
MES {cyanide and surface drainage i1 _ppb
MES {berylium ays draining the site 124 _ppb
MES | mercury variable 89 ppm
MES tzinc variable 11,794 ppb
V.FEEDSTOCKS 5o acowros ior CAS Mumpers,
CATEGOAY 01 FEEDSTOCK NAME 02 CAS NUMBER CATEGORY 01 FEEDSTOCK haME 07 CAS WwoMEES
FOS (21
FDS FOS
FDS £DS
FDS kDS

\'l. SO\JRCES OF iNFOI.MATlON CrHd SOBCIC *1@: gr2 5 & 3 B1AI8 ‘vis 14M0'e $hlrt 1 (PPCTS

Waste quantity based on concentrations of lead found in on-site soils and on volume of soils
contained within contaminated areas. Analytical data developed by Froehling and Robertson,
Inc., sample report 12/30/83. Soil volumesdeveloped by Cobaugh, Blanton Associated for
5/23/84 site reclamation plan for C & R Battery site,

ERA FOMM 207Q-13(T-81;
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POTENTIAL HAZARDOUS WASTE SITE 1. DENTIFICATION
EPA SITE INSPECTION REPORT T s
PART 3 - DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

N HAZARDOUS CONDITIONS AND INCIDENTS

01 C A GROUNDWATER CONTAMINATION 02 O OBSERVED (DATE ﬂﬂzmd_ } 0 POTENTWAL C ALLEGED

03 POPULATION POTENTIALLY AFFECTED 8B40 _ 04 NARRATIVE DESCAPTION

Approximately 221 homes have been identified within 3 miles of the site which draw groundwate
from the aquifer which may be hydraulically connected to a contaminated aquifer under the

C & R Battery site. 221 homes x 3.8 persons per home = 840 people.

015 8 SURFACE WATER CONTAMINATION 02 - OBSERVEDDATE Q/2R/R2 ) C MOTENTIAL = ALLEGED
03 FOPULATION POTENTIALLY AFFECTED: 0 04 NARRATIVE DESCRIFTION

An aqueous sample, collected from an intermittent drainageway downgradient of the C & R
Battery site, showed 3,440 PPB lead contamination.

01 5 C_CONTAMINATION OF AR 02 = OBSERVEDDATE _B/1R/B0 ) C POTENTAL = ALEGED
03 POPULATION POTENTIALLY AFFECTED _UNKNOWIl 04 NARRATVE DESCAWTION

Air samples collected on site by the VA OSHA during facility operation, within the hreathing ~
zone of workers, showed elevated levels of lead. )

01 T D FIRE EXPLOSIVE CONOIMONS 02 ZOBSERVEDIDATE o} C POTENTIAL O ALLEGED
03 POPULATION POTENTIALLY ARFECTED ___.___ .. 04 NARRATIVE DESCRIPTION

N/A

01 T € DWRECT CONTACT 02 Z OBSERVED (DATE —___ . . X POTENTIAL = ALLEGED

03 POPULATION POTENTIALLY AFFECTED ___J3(] 04 NARRATIVE DESCRIPTION

A small area on site, used specifically for storage of sulfuric acid which is drained from

discarded batteries, was observed as entirely unrestricted to public/worker access or contact.
There are 87' hlomes fvithin a 1-mile radius of the site. 87 x 3.8 = 330. The potential for direct
contact with lead also exjsts,

01 C F CONTAMINATION OF SO 02 = OBSEAVED DATE 1 2/1U/83 |  C POTENTAL  C ALLEGED
03 AREA POTENTIALLY AFFECTED & 04 NARRATIVE DESCRIPTION

The C & R Battery site is approximately 4 acres in area. 26 soil samples were taken at various
locations to a depth of 2 feet overthe entire area of the site. Lead contamination (between
292 PPM and 62,958) was observed in all samples obtained.

01 G. DRINKING WATER CONTAMINATION 0 1 02 C ossemvep ioate L0/21 /83 S POTENTWAL = ALLEGED
03 POPULATION POTENTIALLY AFFECTED. 04 NARRATIVE OESCRIPTION

An on-site well was found to have 0.74 PPM lead contamination. The population drawing from
an aquifer zone which is hydraulically connected to the aquifer which the on-site well draws
from, is approximately 840 (within 3 miles).

01 0] M. WORKER EXPOSURE/INJURY 02 L OBSERVED (DATE. __9 /83 ) O POTENTIAL T ALEGED
03 WORKERS POTENTIALLY AFFECTED. ___NJ/A 04 NARRATIVE DESCRIPTION

In September 1983 an employee from the C & R Battery site was checked by the Virginia
Occupational Safety and Health Administration and found to have excessive levels in blood
(118 ug/dl). The site is now inactive.

01 O | POPULATION EXPOSUREINJURY 02 OBSERVED(DATE _______ ) X POTENTIAL = ALLEGED
03 POPULATION POTENTIALLY AFFECTED. _UDNKIJOWI) 04 NARRATIVE DESGRPTION

There are approximately 380 persons who reside within a 1-mile radius of the C & R Battery
site. This population is endangered via exposure to lead-contaminated dust from the site and
via direct contact with sulfuric acid and lesd on site.

EFAFORM 2070-13(781)

180171
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a POTENTIAL HAZARDOUS WASTE SITE T_IDENTIFICATION
wEPA SITE INSPECTION REPORT e A
PART 3 - DESCRIPTION OF HAZARDOUS CONDITIONS AND INCIDENTS

N HAZARDOUS CONINTIONS AND INCIOENTS cormues:

0t C J. DAMAGE TO FLORA 02 OBSERVED (DATE ) X0 POTENTIAL = ALLEGED
04 NARRATIVE DESCRPTION

Site inspections have revealed no evidence of damaged flora.

01 C K DAMAGE TO FAUNA 02T OBSEAVED IDATE ) X5 POTENTIAL = AULEGED
O NARRATIVE DESCRAIFTION (ncoms apme s o spstws:

Site inspections have revealed no evidence of damaged fauna.

01 = L CONTAMINATION OF FOOD CHAIN 02 -OCBSERVED (DATE. | 5 POTENTIAL = ALLEGED
04 NARRATIVE DESCRIPTION
N/A
01 = M UNSTABLE CONTANMENT OF WASTES oz - ossemven ipate. 4/25/85 ) T POTENTIAL  AUEGED

1Spuia Byne!! Siargwg apuaps | oshmg Srumy:
03 POPULATION POTENTIALLY AFFECTED ..].IBKDQ.W.L 04 NARRATIVE DESCRIPTION

Sulfuric acid was observed partiaily contained, puddled in various locations on site. Lead
contaminated soils are entirely uncontained on site.

0t Z N DAMAGE TO OFFSITE PROPERTY 02 Z OBSERVED (DATE. ) C POTENTIAL = ALLEGED
Q4 NARRATIVE DESCRFTION
N/A

01 Z O CONTAMINATION OF SEWERS STORM DRAINS WWTPs 02 — OBSERVED (DATE ) = POTENTIAL = ALLEGED
04 NARRATIVE DESCRIPTION

N/A

01 Z P KLEGAL/UNAUTHORIZED DUMPING 02 ZOBSERVED(DATE ) i< POTENTIAL Z ALLEGED
04 NARRATIVE DESCAWPTION

N/A

05 DESCRIPTION OF ANY OTHER KNOWN. POTENTIAL OR ALLEGED MaZARDS  The most significant hazard associated with
the site include the risk to those who may be subjected to long term inhalation of dust from the
site. Additional risks, in the immediate short term, exist to those who may come into direct
contact with sulfuriec acid on site.

M. TOTAL POPULATION POTENTIALLY AFFECTED: see helow

IV. COMMENTS

Documented conditions associated with C & R Battery site have created several significant
public health hazards. The total population affected by the site is variable depending on
hazardous substance transport routes from the site.

V. SOURCES OF INFORMATION :cre MBOCHK /eI 0s & EIRG USRSl SAMv L (BDOTTE
NUS FIT Il 8/20/84, 3/27/85, and 4/22/85 site inspections at the C & R Battery facility
VA Water Control Board file information, C & R Battery site
VA Occupational Safety and Health Administration file information, C & R Battery site

EFAFOAM 2070-13(T-81)
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PART &4 - PERMIT AND DESCRIPTIVE INFORMATION

POTENTIAL HAZARDOUS WASTE SITE | L DENTIFICATION
& 01 STATE | 02 SITE NUMBER
OEPA SITE INSPECTION l A

N. PERMIT INFOAMATION

01 TYPE OF PERMIT MOUED
IR of Pt Wary)

CA_wrots

02 PEMAT NUMBER

02 DATE B3UMED | 04 EXPWATION GATE | 08 COMMENTS

Interim status

8. e

YADQS8459

OC. AR

T 0. ACRA

‘D E. ACRA WTERM STATUS

CF PCCPLAN

Sa. STATE prni

CH. WOCAL ...

Tl OTHER apearr

0 J. NONE

M. §ITE DESCRIPTION

01 STORANE/OFFOBAL /Chasy of Mat abivy!

Luruss

T A SURFACE MPOUNDMENT  _Linknown

02 AMOUNT

O3 UNIT OF MEASURE |  O4 TREATMENT Caoen ot sus asaw)

C A INCENERATION

O §. UNDERGROUND BJECTION

O C. DRUMS. ABOVE GROUND

O C. CHEMICAL/PHYSICAL

C D. TANK_ ABCQVE GAOUND

O 0. OLOGICAL

X- A surDmGS On STE

OB AREA OF MITR

C £ TANK, SELOW GROUND O & WASTE OL PROCESSING
O K. LANDFILL O F. SOLVENT RECOVERY
O G. LANDFARM O Q. OTHER ARECYCUNG/RECOVERY 4 taan
M. OPEN DUMP O H. OTHER —
| orven 177 tonis Tl
“Sewidr SO¥ =

crcomments The C&R Battery site, approximately 4 acres in size, is a relatively flat, open parcel of
land located within a somewhat sparsely populated area. The chief activities on site have been
lead reclamation from discarded batteries. A saw/breaker facilitates the reclamation process.
Sulfuric acid is drained and stored in open areas on site. Lead sulfide and raw lead is stored in
piles and/or drums. The site was active during initial site visits. Reports from VA WCB are

that is is now abandoned.

1V. CONTAINMENT

0t CONTAINMENT OF WASTES /Capas ane)

A ADEQUATE. SECURE 2 D. NSECURE. UNSOUND. DANGERCUS

0 8. MODERATE [XC. INADEGQUATE. POOR

02 DESCRPTION OF DRUMS . DWinG. UINERS. SAARRERS, ETC.

According to the site operator, a concrete PAD has been constructed under the battery breaker.
The integrity of this PAD is questionable. The operator has constructed an earthen dike,
approximately 3 ft. high, which extends along the eastern border of the site between the breaker

and an intermittent drainageway. The length of the ditch and its integrity is inadequate to

contain site ruoaff
V.ACCESRIBLITY

O\ WASTE EASLY ACCESSIME (N YES [ NO
07 OOMMENTS

Sulfuric acid pond/puddles were easily accessible during field investigations. Lead contaminated
sgils are entirely uncontained an site,
Vi. SOUACES OF INFORMATION /Cov ansans stsronces o § S Nos 0N &Pyin raperts!

NUS FIT 111 8/20,84, 3/27/85, and 4/23/85 site inspections at the C & R Battery site
VA Control Board file information on the C & R Battery site

EPAFQRM 2070-13 (T-81)
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a POTENTIAL HAZARDOUS WASTE SITE AT
OEPA SITE INSPECTION REPORT K ez
PARY § - WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA
B DRINKING WATER SUBPLY
01 TYPE OF DRPCNG BUPMLY 02 ETATUS 03 DEETANCE TO &R
Ot 89 Ehpinaiie)
SURFALE WELL ENDANGERED AFFECTED MONITORED
COMMUNITY AX 80 AD 8.Q c® a2l
NON-COMMUNITY c.o 0% 0D LD FO [ i
. GROUNDWATER
01 GROUNDWATER UBE N VICIETY 1Cvast ey
E A OMLY SOURCE POR DINIONG D.W ncwmmm O 0 NOYT UBED, UNUSEABLE

COMMERCIAL, m ANGATON

02 sOPULATION sEAVED B anoo waren _840 (within 3 miles)

03 DISTANCE TO NEAREST Oeva waTer wew, <1 000 fT. (mi

04 DEFTH TO GROUNDWATER Of OWMECTION OF QROUNDWATER PLOW | 04 OFPTH TO AOUIFER 07 POTENTIAL YLD 08 SOLE SOUNCE AQUFES
OF CONCERN OF AQUIFER _
35 to 40 m southeast unknown _m | UNKNOWN (g Qves Ew0

OF DESCRIPTION OF WELLS (mwhaiing uiaage. SISy, 4o SAsins SN & Sapisinn St Suldngs;

this area of VA. A hvdraulic connection betwe

1ommn
va.ll ble 1nformehtlon indicates

Depth to groundwater described above is applicable to an on-site monitoring well, Fleld
reconnaissance within the vicinity of the site have indicated numerous private supply wells witt
3 miles of the site. Limited information indicates the probability of multiple flow zones within

en zones has notheerproven or disproven,

11 DESCHAMGE AREA
O YES | COMMENTS
Eno

L%ﬁat tﬁe site 15 atte within a recharge

rea to the Patuxe aquifer,

. SURFACE WATER

0 SURFACE WATER USE (Creck ane)

X A RESERVOIR. RECREATION

C 8. IRRIGATION, ECONOMICALLY
IMPORT,

O C. COMMERCIAL, INDUSTRIAL T D NOT CURRENTLY USED

DRINKING WATER SOURCE ANT RESOURACES
02 AFFECTEL/POTENTIALLY AFFECTED BOOIES OF WATER
NAME: AFFECTED DISTANCE TO SITE
Unnamed, intermittent tributary to the James River X _G,Jlmu.{__ tn
James River o 680 ft, ™.
[m) r

V. DEMOGRAPHIC AND FROPERTY INFORMATION

01 TOTAL POPURATION WITHIN

" ONE {1) MILE OF SITE TWO (2) MILES OF SITE

THREE (3) MILES OF &ITE

02 OSTANCE TO MEAREST POPULATION

A Y ¢ unknown <10 mile ()
ND OF PRIAONS MO OF PERBCINS ND OF FERBOME
03 NUMBER OF BUILDINGS WTTrHI: TWO (2) MILES OF SITE 04 DXSTANCE TO NEAREST OFF.-SITE BULDING
>300 £2,000 ft,

areas west of the site. The corider along Route
commercial.

08 POPULATION WITHIN VICINITY OF SITE (Frevile namepes So5crpuen of Aanse of fapuiiials st vusely & G98. 8.9 . AE. wings. Soreen Stiniitll S0 08

The population distribution within the area of the site is generallysparse characterized as
suburban residential/industrial. Population distribution becomes more dense within those

1-301 is densely developed residential and

1 0 O 1 #'W 2070-13 (T-81)
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a POTENTIAL HAZARDOUS WASTE SITE 1. IGENTIFICATION
WEPA SITE INSPECTION REPORT BT STATE[O7 STE NOWBER
PART § - WATER, DEMOGRAPHIC, AND ENVIRONMENTAL DATA (LA 281

Vi. ENVIRONMENTAL INFORMATION
OT PERMEAIILITY OF UNSATURATED ZONE (Checs sne;

CA10-9-10~0cveec B 10-*~10-%cmesc [ C. 104 = 13-3 THAN 10-2
unknown O-3om/sec D GREATEN 10-2 cminec

D2 PERMEANLITY OF BEDROCK iCroes ane
C A MPERMEABLE 0 8. RELATIVELY SAPERMEABLE T C NELATIVELY PERMEALE T D VERY

unknown (ons men 10~ % amvoee) 110°% « 100 gmae) 110-0 = 10~ am pou rvomer s 10~ ! o nees
93 DEFTH T0 BEDROCK 04 DEPTHOF CONT AMINATED SON ZONE Of 80N, oM
rnknown "™ at least 2 feet 3.5 to 12.3
| 00 NET PRECIPITTATION ormvmum—mm Ol SLOPE
. o 28 SITESLOPE | DMECTIONOF SITE SLOPE , TENRAIN AVERAGE SLOPE
() : tr 3105  w| northeast —3 105 »
3% FLO00 POTENTIAL o
c
seen_ N/A  veane N/A C STEI5ON BARRIER ISLAND. COASTAL MIGH HAZARD AREA. IFVERINE FLOCOWAY
I  DISTANCE TO WETLANGS (# arrs mwmaem: 12 DISTANGE TO CRITICAL HAIITAT rof antanptves assams:
ESTUARINE OTHER >3.0 i) N
A23.0 o230 _m ENDANGERED SPECIES:
13 LARD USE IN VICINTY
INSTANCE TO:
RESIDENTIAL AREAS: NATIONAL/STATE SARKS, AGRICULTURAL LANDS
COMMENCIAL/INDUSTRIAL FORESTS, OR WILOUFE RESERVES PRIVME AG LAND AG LANG
A 1 imi) 0 _SL0 (i ¢ UnKnown m o 1.0 i

14 DESCRIPTION OF SITE I RELATION TO SURRQUNDING TOPOGRAPNMY
The site is generally topographically similar to surrounding properties. The general vicinity is
relatively flat with steeper slopes associated with land bordering the James River to the
north.

Vii. SOURCES OF INFORMATION /Coo specee: mvaranter #.¢ Sitos Mus. Ao sapvas. ripenis!

NUS FIT 1II 8/20/84, 3/27/85, and 4/23/85 site inspections at the C& R Battery site
Uncontrolled Hazardous Waste Site Ranking System; User's Manual
U.8.G.8 Topogr'aphic Map; 7.5 minute series, Drewry's Bluff, VA 1980 photorevised

VA WCB, file information on the C & R Batterv site
‘Lﬁwmgghmmtap__&de}eloped by M. Plitnick, US EPA Region Ill

EFAFOREL 2070-13(7-81)
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OSSP
o POTENTIAL HAZARDOUS WASTE SITE L DENTIICATION
VEA SITE INSPECTION REPORT e
PART & - BAMPLE AND FIELD INFORMATION A
R SAMPLES TAKEN ‘
OF NOVBER OF 102 SAMPLES SENT TO GILETRIATED DA
SAMPLE TYPE SAMPLES TAKEN RESULTS Aviu
GROUNDWATER numerous periodic samples collected by VA WCB & operatérs current
wu WATEN numerouﬁ— n 1t " . n i) L avagflab
WASTE
AR numerous air monitoring in breathing Zone on site by VAO§HA
ANOFF
L
oL . . . currentl
pumerous site reclamation plan jnclude asugers to 2 ft.
VEGETATION : _
‘ NTUS FIT III cpllected on site groundwater samples, oll site backgorund .
OTHER ggoundwgtertf»amples, on-sitgoils, and off-site bﬁckground :’.oigI see belc
AL FIELD MEASUREMENTS TAKEN .
o1 TYee 02 COMMENTS
_depfh to groundwatet measured with well sounder by NUS FIT on 4/23/85 (scc below)

V. PHOTOGRAPHS AND MAPS

01 TYPE X GROUND [J AEMIAL oz custooy or NUS FIT 11 F3-8505-29 US EPA [II, VA 281

gy §f SrpavaT il g SRIveRhE

03 MAPS 04 LOCATION OF MAPS

V. OTHER FIELD DATA COLLECTED Mrowss mtrvainy oossrnpuce:

On 4/23/85 FIT Il performed a standard site inspection at the C & R Battery site. In all 12

aqueous and 11 solid samples were obtained,including blanks, duplicates, filtered groundwater

samples, background groundwater samples,and background soil samples. Refer to section § of
the site inspection report under TDD no. 8503-29. For analytical results of samples collectec-

water Levels in on-site Monitoring Wells: W-1-26
{as measured on 4/23/85) W-2-dry
W-1 1-dry

K vES itmi N _ . . _ _
= o Prelilminary Assessment F3-8407-32, Field Trip Report F3-8503 29" .H,I},S% o

Y. SOURCES OF INFORMA TION (Cos apsssic raiprances o g stis Wou Aamen sasyss apem;

NUS FIT III 4/23/85 site inspection of the C&R Battery site (F3-8507-29)
VA WCB. file information, C&R Battery site

EPA FOMM 207013 (T-0Y)
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‘I. DENTIFICATION

Ot STATE {02 SITE NUMBER

POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

SEPA

PART 7 - OWNER INFORMATION VA 281

0. CURRENT OWNENS)

l PARENT COMPANY i+ sspmase:

1 HAME 2 D+ B NUMBER jﬁ NAME OB D+ @ MUMBER
William and Edward Zacharias N/A
STREET ADOMESS (7 O Bas. AP0+ o0 ) 04 B¢ COOE 1?mee e D0, e ) 11 $IC COOE
1306 Bellwood Road
S CITY STATE[RT 2P CODE V2 CITY T3STATE|14 OF
Richmond VA 23234
01 NAME 2 D+ 8 MUMBER Of NAME DD NUMBEN
N/A r N/A
Tsmnmuwa Bos W07 wc | 8IC COOE 10 STREET ADDRESS (7 & Boa, APD & aic / 118 COOE
oe &Y Tm?bm I V3 BTATE]"4 D9 COOE
01 NAE 02 O+ NUMBER 08 NAME
N/a N/A
03 STREET ADDRESS (P O Boe. WDr o ) a4 SiC CODR 10 STREET ADDAESE (¥ O Bpe. AFD . 0ic ¢
08 CITY ounri'Tn P COOk \2 CITY
0t NAME 02 O+ B MUMBER 08 NAME
N/A N/A
03 STREET ADORESS 1# G Sex 0+ e ! C4 8iC CODE 10 STREET ADORESS (5 O Swe. AFD+ o |
(05 Gy 8 STATH Q7 29 GOOE OV =i
. PREVIOUS OWNERNS) /.ar mast mconr mar; IV.REALTY OWNERS) v anscose s mont mven ww;
01 NAME 02 D+ NUMBER 01 NAME 02 O+ 8 MUMBER
Unknown N/A
03 STREET ADONESS 1# O Bos. M504 atc i 04 BC COOE 03 STREET ADDRESS (» O Se. MG+ wc | 04 3/ CODE
Issenv GRSTATE] 67 D COOE oEeY 08 STATE[ 07 2 CODE
0 MAME D+ 3 NUMBES 01 WAME 02 O+ B NUMBER
N/A r N/A
03 STREET ADORESS (4 0 . D #. 0 | ) 04 C COOE 03 STAEET ADORESS (7 O Bos M0 e o} 0s BC CODE
0% GITy ]&nanlorrm ] e TATH 07 2 co0k
01 RAME 02 D+ § NUMBER F\ NAAE B2 5 B NAGER
N/A N/A
03 STREET ADDRESS (# O Sus. MO P we D SIC COOE G4 I CODE

ro!m ADDNESE (# O So1 AFD#. .

Hu—.an

"rasuvz o7 IF COOt

[« J-1a4

STATE[OT P COOE

V. SOURCES OF INFORMATION Cov aswcux mierorcon 5§ 108 50 S SAves. mepets

VA WCB file information on the C&R Battery site

EPAFOMM 2070-13 |T-81)
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POTENTIAL HAZARDOUS WASTE SITE

I. IBENTIFICATION

SEPA SITE INSPECTION REPORT S R
\ 74 PART 8- OPERATOR INFORMATION va | 28t
. CURRENT OPTRATOR euase 7 iirary ram smer: OPERATON'S PARENT COMPANY w pusmann.
01 MAlil ]oa D+ 8 NUWBEN 10 NAME TT0e D ABER
Inactive ‘ N/A
03 STREET AGDRILSS 17 0. e, V0¥ o ) O4BICCOOE |12 STREETACGRESS PO te DY, me/ 13 8 CO0E

08 GITY 06 BTATL]O7 BF GOOE 14 GITY 18 STATE| 18 P CODE
e ————
08 YEARS OF OPERATION 108 NAMEE OF OWNER

WL PREVIOUS OPERATOR(S) . vmer /s res. srwiesty sy 7 aiforan g samer)

PREVIOUS OPERATORS' PARENT COMPANIES wapscns:

07 faaat |
Charles Guvton

02 D+ 6 NUMBER 10 Nasat TV De B NOMBER
N/A
12 STRERT ADORLES (#.0. Sax. A¥E ¢, ous. | 13 8G CO0E

wﬁﬁ?m * O Sus AFDs o) [~y
P.O. Box 3715 ]
08 GITY : ATt [07 P COOE

14 CITY T8 STATE] 16 2 COOE
Richmond VA 23230
(8 TEARS OF OPERATION [0 MAME OF OWNER DURING THIll PEMOC
15 Charles Guyton
01 NAME 02 D+ 8 MMBLA T0 WAME T L7 L
N/A N/A
03 STREET ADORESS (7 O fwz. AT ¢ wwe | T4 3C O 12 STREET ADORESS (# O fne. AFD 7. 06t ) 13 3K COOE

O3 CITY 08 STATE |07 IIF CODE 14 GITY 18 BTATE] 16 2P COOE

08 YEARS OF QPERATION | OF NAME OF OWNER DURING THS PEMOC

O NAME 02 D+ NUMBER 0 NAME V7 0% B NUMBEN
NZA N/A

03 STREET ADORESS (# O Saa. A0 e B4 B COOE 12 STREET ADCRESS /P O fias. A0 ¢ ore | 13 $iC COBE

ob CITY 08 STATR| 07 2 COCE r1-12] 13 STATE] 18 DP COOE
T ————————r——
O YEARS OF OPEAATION | 08 MAME OF OWiER DURIMG Trag PEMIOD

V. SOURCES OF INFORMA TION rCo apsotic woravees. ¢ 5. s Sov. sampm savyes. mbenss

(F3-8502-13), Site Inspection (F3-8503-29), HRS
EPA File Information VA 281

(F3-8505-37).

VA WCB File Information for the C & R Battery site

NUS FIT III Preliminary Assessment (F3-8407-32), Non-sampling Site Reconnaissance

EPAFOFRM 2070-+3 (T4Y)
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portion of the C&R site

POTENTIAL HAZARDOUS WASTE SITE L IDENTIFICATION
sm SITE INSPECTION REPORT e
f PART 10-PAST RESPONSE ACTIVITIES 1
{ L PAST ARaPONSE ACTIVITHS
01 L) A WATER SUPPLY CLOBED 02 DATE 03 AGENCY
04 DEBCAPTION
unknown :
1 O 0, TOPORARY WATER SUPPLY PRCVIOED G2 DATE 03 AGENCY
04 OEBCAIPTION
unknown
"0 U C. PERMANENT WATER BUPPLY PRCVIDED ROAE e 03AGBCY
04 CERCAIPTION
unknown »
"0 U ©, SPLLED MATERAL REMOVED 02 DATE 03 AGENCY
04 DESCAPPYION
] _unknown, not reported
01 O . CONTAMINATED SOL NEMOVED OZDATE 03 AGENCY
04 DESCAPTION
|_unknown, not reparted
01 O F. WASTE AEPACKAGED 02 DATE 03 AGENCY
04 DESCAPTION
N/A _ .
mEtmmma&m 02 DATE 03 AGENCY
04 DESCAPTION
N/A ‘
01 O . ON STE BURAL O20ATE . dlidiio.. . OIAGENCY

04 0ESCAP.-ON Site inspection revealed buried battery casings located within the northern

01 O 1. N 5ITU CHEMICAL TREATMENT
04 DESCAPTION

02 0ATE

OJ AGENCY

N/A (proposed but nevr implemented
03 AGENGY

01 0 O. EMERGENCY DIKING/SUNFACE WATER DIVERSION
os0escwemoN  The operator constructed anearthen dike between battery breaker and

drainage way. Action in response to state requirement.

01 O J. (N 8TV SIOLOGICAL TREATMENT 02 DATE
04 OESCAPTION .
N/A -
01 0 K. IN $TU PeySICAL TREATMENT 02 DATE 03 AGENCY
04 DESCAPTION
/A
0% © L. ENCAPSULATION 02 DATE 03 AGENCY
04 DESCAPTION
'Mot'd'u' . MERQENCY WAHTE TREATMENT 02 DATE 03 AGENCY
04 DESCAPTION
N/A .
01 O k. CUTOFF WALLS 0ZDATE 03 AGENCY
04 DESCAPTION ‘
N/A .
020ATE _upknown.. . O3AGENCY Qperatar o

§1 O P. CUTOFF TRENCHEYSUMP C20ATE 03 AGENCY
04 DESCRIFTION

N/A
01 0 G SUBSUAFACE CUTOFY WALL 02 0ATE 03 AGENCY
04 CESCAPTION

N/A

SPAPORM 2070-13{T81)
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POTENTIAL HAZARDOUS WASTE SITE

L HOENTIFICATION

aEPA SITE INSPECTION REPORT OT STATHIZ STE RUMER
' PART § - GENERATOR/TRANSPORTER INFORMATION VA 281
K. ON-SITE GENERATOR
01 NANE 02 D+ B NUMBER
C & R Battery, Charles Guyton
03 STREET ADDRESE /P O. Bui. AP, st}
" PP.O. Box 3715
08 Gy
Richmond
fil. OFF-SITE QENERATONS)
O MAME 03 D+ 8 NUMBER 01 NAME [02 0+ B NUMBER
p/Aa N/A
(03 STAEET ADORESS (7 O flos, AP0, o0/ 4 8 COOE O3 STREET ADORESG (7 0 Boe. WD 4. o) 04 8iC COOE
08 GITY TATE] O 20 COOE o8 CITY STATL| 07 DF COOE
o1 m 02 D+ B NUMBER 01 NAME 02 D+ NUMBER
A N/A - :
03 STREET ADODRESS (.0 fpr. AFD 0. it ) 04 BC CODE 03 STREET ADORESS (#.0. Bua. AFD 0. e} 04 §C COOE
08 CITY _rﬂﬁﬂ 07 21 COOE o8 CITY r!ﬁﬁor cooe
IV. TRANSPORTENS) '
01 NaAME G2 O+ 8 NUMBER Of NAME Q2 D+ B NMSER
/A N/A
03 BTAEET ADORESS (7 O ez, WO 7. 0% ) 04 31C CCOE 03 STREET ACDAESS (£ 0 fas, W07, o0 C4 85 CODE
06 CITY 08 STATR{ Q7 2 CODE -1 ¥-1a) I“‘Tl'l'i 07 P COOE
0 NAME 02 DB NUMBER O NAME 02 O+ 8 NUMBER
N/A N/A
03 STREET ADDRESS 2.0 8es MWDo ¢ 04 G CODE 03 STREET ADDAESS # 0 Sz AFD 4, o, Od 8IC CODE
08 cry 07 TF COOE 08 GITY 5% STATE] OF DP COOE

1001

p

V. SOURCES OF INFORMATION (Cor apocon misrwiass. ¢ § Suie M0t somtin svawsd ooty

(see section 8, operator information)

8%}“ 207013178y
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POTENTIAL HAZARDOUS WASTE SITE { DENTIFICATION
SEPA BITE INSPECTION AERORT AL L
PART 10- PAST RESPONSE ACTIVITIES
R PAST RESPONSE ACTIVITEES Compmnw:
01 O A. SAMMIER WALLS CONSTRUCTED Q2DATE 03 AOENGY
04 DESCAPTION

N/A
01 O 8. CAPPING/ICOVERING 02 DATE - UNRIIOWI . O3 AGENCY _QPELRIST

fﬂm According to site operator, a clay cap was placed over the northern portion
of the site.

01 O T. BULK TANKAGE REFAIRED SZCATE Q3 AGENCY
04 DESCAFTION
N/A
07 0 U GAOUT CURTAIN COMSTRUCTED G2 DATE 03 ADENCY
O4 DEICRFTION
N/A
01 O v. BOTTOM SEALED - G2DATE 03 AGENCY
O¢ DESCRIFTION -
N/A -
01 D w. GAS CONTROL 02 DATE 03 AGENCY -
04 DESCAIPTION ]
N/A
01 C % FIAE CONTROL 02 DATE O3 AGENCY
O4 DESCAPTION
N/A
01 C Y. LEACHATE TREATMENT 02 0ATE 03 AGENCY
©4 DESCMPTION
N/A
01 = 2. AREA EVACUATED . ‘ . OIDATE e D3 AGENCY
04 DESCRIPTION
N/A
01 T 1. ACCESS TO SITE RESTRICTED O2DATE e O3 AGENCY
04 DESCRIFTION
N/A
01 = 2. POPULATION RELOCATED 02 DATE 03 AGENCY
04 DESCRIPTION
N/A _
01 3 OTHER REMEDWL ACTIVITIES oepate _LYGJ . ciacencvoperator
O4 DESCRIPFTION

As a part of its regulatory authority, the VA SWCB requested a site reclamation plan and a
wastewater discharge permit application from the C&R Battery operator. The operator
subsequently procured an engineering firm to prepare the applicable documents. As of 8/20/84,
the VA SWCB had received several amendments to the proposed sitereclamation plan, but

had not approved any submission. During some time in late 1983 or early 1984, the operator took
it upon himself to initiate reclamation. According to the operator's reports, battery casings

have peen removed , surface soils have been excavated, lime has been applied,and a clay cap

has been placed over the northern area of the site.

i BOURCES OF INFORMATION Cue wonssiy revortness. ¢ 5 . S50 004 2ndio SUWVES. RO

NUS FIT Il Preliminary Assessment (F3-8407-32)
Statemetns made by Mr.Charles Buyton, Site Operator
VA SWCB File Information of the C&R Battery site

EPA FORM 2070-13{T-81) 1 0 0 1 8 1



ORIGINAL

SEPA

(1=}
POTENTIAL HAZARDOUS WASTE SITE L. BENTIFICATION
SITE INSPECTION REPORT °‘V’A‘W 05 ﬁl NUMBER
PART 11 - ENFORCEMENT INFORMATION

B ENFORCEMENT INFORMATION

©1 PASY REQULATORY ENFORCEMENT ACTION ZYES [ NO

STATE:

03 DEICAPTION OF MEDERAL. STATE, LOCAL REQUUATORY BFORCEMENT ACTION

FEDERAL:

EPA initiated applicable preliminary assessment report, non-sampling site
reconnaissance report, site inspection report, and hazard ranking systerm reports.
Refer to EPA file VA 281 for details,

VA SWCB has had extensive involvement with the site beginning in the late 1970s.
Generally, orders for the submission of wastewater treatment permit. application,
a site reclamation plan have been issued to the operator. Upon several submissions
of proposed reclamation plans, ammended permit applications, the operator has of
yet to be declared in compliance. Subsequent court orders have been issued and .
several court appearances haw been madein ¥lation to the Water Control Board's -

‘attémpts at bringing the site into compliance. As of the latest date of site
" operation (early 1985) compliance had not been achieved. The WCB noted serious

concerns over the financial stability of C&R Batery and its ultimate ability to
assume the cost of site reclamation.

VA Qccupational Safety and Health Administration has also had extensive
involvement with the C&R Battery site. According to Mr. Rici ard Anderson

of VAOSHA, his first inspection of the site in 1983 revealed numerous violations

of current OSHA standerds. Air monitoring of the breathing zone on site, at
several work stations, have indicated conditions well above existing standards
(standard for lead is 50 ug/cu meter).levels have been measured at ranges from 5 to
112 ug/cubic meters. Additionally, employees at the site have been found to

- have elevated levels of lead in blood samples. According to Mr. Anderson,

excessive fines have been issued to the operator for non compliance.
(Although not confirmed, penalties in excess of $ 60,000 have been issued.)

M SOURCES OF INFORMATION /o0 apwstt raloranesn #8 tiied W00, kM SADYSR. SRR}

VA SWCB file information on the C&R Battery site , ) ]
Mr. Richard Anderson, Inspector, VA Occupational Safety and Health Administration

|_(804) 786-8285 ARIOOIB2
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Site Name: C & R Battery

TDD, No.;, F3-8503-29

AP

6.0 LABORATORY DATA

6.1 Sample Data Summary

The sample data summary correctly identifies sample MCB239 as a field duplicate
of sampie MCB234. However, the attached Quailty
MCB238 and MCB239 as field duplicates, due to an e
shipping log which was not identified until after receip
Review from EPA Central Regional Laboratory.

Assurance Review lists
the NUS sample
e Quality Assurance

1001384
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Site Name: C & R Batter
TDD No.: ~Fa3-Bb03-29

6.2.2 Inorganic Data Lab Case 4265

6.2.2.1 Introduction . 7
The findings offered in this report are based upon a review of 21l available

sample data, blank results, matrix spike and duplicate analysis results, ICP
interference QC, calibration data, and quality assurance documentation.

6.2.2.2 Qualifiers

It is recommended that this data package be utilized only with the following
qualifier statements:

® The results which may be qualitatively questionable are listed below:

Constituent Samples With Questionable Results

Aluminum MCB311, MCB244, MCB246, MCB248, MCB249, MCB228

Iron MCB311, MCB244, MCB226, MCB228, MCB246, MCB248

Zinc MCB311, MCB244, MCB226, MCB228, MCB246, MCB248,
MCB249

® The aforementioned results were designated questionable since there {s
evidence to doubt the presence of these constituents at any concentration
less than or equal to the levels reported. However, it can be assumed
that concentrations significantly greater than the levels reported for
these samples cannot be present,

® Low level results for lead in aqueous samples should be considered highly
questionable (Code R). The high level reported for MCB227 should be
considered an estimate of the true amount present (code J).

®  Actual detection limits for arsenic, cobalt, and manganese in the aqueous
matrix may be siightly higher than reported. Reported results may be
biased low for arsenic (25-45%), cobalt (25-35%), and manganese (25-35%)
in the aqueous matrix. Values have been coded J to reflect the quantitative
uncertainty of the results.

®  Actual detection limits for tin in the aqueous matrix may be significantly
higher than reported (30 ug/L) In fact, the reported detection 1imit for
MCcB227 is 300 ug/L. '

® The reported results for antimony, cadmium, lead, silver, tin, and zinc
in salid sample MCB233 may not accurately reflect the average concentration
for these constituents in this sample or others of a similar matrix.

6-2
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Site Name: C & R Batter
TDD No.: F3-8b03-29

The reported results or antimony, cadmium, copper, magnesium, nickel,
potassium, sodium, tin, and cyanide in field duplicate samples MCB238/239
(solid) may not accurately reflect the average concentrations of these
constituents in these samples or others of a similar matrix.

Actual detection 1imits for arsenic and selenium in the solid matrix may be
biased slightly higher than reported. Reported results may be biased low
for arsenic (30-50%) in the solid matrix.

Reported results may be biased high for barium (40-60%), beryllium (40«
60%), cadmium (60-80%), chromium (30-50%), copper (35-55%), manganese
(20-40%), mercury (30-50%), nickel (25-45%), tin (300-450%), vanadium
(40-50%), and zinc (25-45%) in the solid matrix.

The impact, on solid sample results, of the poor field and lab precision
and poor spike recovery is as follows:

antimony -- data rejected--extreme precision problems

arsenic -- values considered valid estimates (J) except for MCB239 (review
of the raw data suggests that 103 {s an anomaly and should be
rejected).

barium -~ values considered estimates due to recovery problems
beryllium

chromium

manganese

mercury

nickel

vanadium

cadmium -- estimated due to precision (field and lab) and recovery problem
copper -~ estimated due to brecision (field and lab) and recovehy problem
i;::ide ’

silver -- data rejected--extreme recovery problems

tin -- data rejected--extreme precision and accuracy probleq;

Data has been coded J or R to reflect these qualifiers,

The presence/absence of cyanide in MCB234, MCB237, and MCB239 cou]d not
be determined.

Mercury results for all aqueous samples could not be validated.

6-3
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6.2.2.3 F1Nd1ngs

Field blank analysis revealed the presence of aluminum, iron, and zinc at
levels sufficient to question the aforementioned resu1ts for these
parameters.

Aqueous field duplicate (MCB244/311 and MCB226/228) analysis for lead
exhibited unusually large relative percent differences for groundwater-

type samples. That fact, along with failure to recover lead in the matrix
spike, suggests that the relfability of the aqueous lead results {is

severely compromised and the results should be rejected. The level

reported in MCB227, however, is sufficiently large that it can be considered
an indicator, not only of the presence of lead, but also the relative

order of magnitude. Due to the problems discussed above, however, the

value should be constdered an estimate of the true concentration.

Low matrix spike recovery was reported for arsenic (65%), cobalt (70%),
and manganese (70%) in the aqueous matrix.

Extremely low matrix spike recovery was reported for lead (0%) and tin
(0%) in the aqueous sample MCB244, Lead values have been coded to reflect
the poor recovery, False negatives for tin cannot be ruled out.

Duplicate laboratory analysis of solid samples MCB233 revealed poor
precision for antimony, cadmium, lead, siiver, tin, and zinc.

Solid field duplicate results for antimony, arsenic, cadmium, copper,
magnesium, nickel, potassium, solium, tin, zinc, and cyanide exhibited

high relative percent differences. This variability 1s normally associated
with poor sample homogeneity.

Low matrix spike recovery was reported for arsenic (60%) and selenium
(60%) in the solid matrix.

High matrix spike recovery was reported for barium (141%), beryllium
(152%), cadmium {172%), chromium (138%), copper (144%), manganese (131%),
mercury (142%), nickel (136%), tin (3761}, vanadium (147%), and zinc
(135%) in the solid matrix,

The laboratory reported that fnterference problems precluded a quantftative
determination of cyanide in MCB234, MCB237, and MCB239.

Laboratory failed to analyze matrix spike and duplicate samples for
mercury in the aqueous samples,

Review of method of standard addition analysis by furnace raw data for

MCB238/239 revealed an analytical anomaly. The 103 ug/L value should be
rejected.
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6.2.2.4 Summary

This Quality Assurance Review has identified the following areas of concern;
field blank contamination, sample non-homogeneity and poor precision, poor
matrix spike results, and matrix interferences,

Please see the accompanying support documentation appendix for specifics on
this Quality Assurance Review. ‘

Report prepared by Steve L. Harkhamzi_@_z‘%&nate: 2085
Patricia J. Krantz:gﬁg%%_oate: 7-10-§5
(301)224-2740, FTS 922-3752
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Site Name: C & R Battery
TDD No.: F3-8503-29

7.0 TOXICOLOGICAL EVALUATION

7.1 Summary

High levels of lead (up to 67,731 mg/kg) and elevated levels of a few other
inorganics (cadmium, arsenic, copper) were reported in on-sgite soil samples. The

generation of lead-contaminated dusts may be of poteAitialdhealth concern to

residents living in the surrounding area.

including neurotoxicity, kidney problems, and acute
gastrointestinal effects. With the \kxception of berylliym (5 ug/l), which might pose
a carcinogenic risk of up to 3.7 o-ére no inorganics confidently
identified at levels of immedjaze an health in filtered MW samples,

With the possible excegltio n : ed\sédium concentration (211,600 ug/l) in
e/ no jaerganjls reported at levels of human health

dry at the timé~Qf the syfvey, did not provide sufficient evidence of off-site
release of contamina

7-1
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Site Name: C&R Battery
TDD No.t F3-8503-29

7.2 Support Data

ity
LTIV
" S X

Samples collected in this survey were analyzed for inorganic priority'rﬁallutants
only. The presence of organic contaminants in these samples cannot be ruled out.

7.2.1 On-Site Contamination

7.2.1.1 Soil[Surface

at concentrations of up to 700 mg/kg,

considered average.l On-site lead levels 4

mg/kg), and a slightly elevated leg : p to 140 mg/kg) were also
confidently reported in on-sjte—sQi aximum concentrations that have

»

f antirhofiy

mg/kg), arsenic (17 mg
(up to 2,027 mg/kg)
quality assurance che
6.2.2.2),

e repfrted, they could not be verified by the

ists dueS\to "extreme precision problems" {see section
P
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Site Name: C &R Battery
TDD No.: F3-3503.29

Of the identified inorganic contaminants, the high levels of lead, in particular,
might pose health hazards to residents in the area. Local inhabitants might
potentially be exposed to lead via the inhalation of contaminated airborne
particulates., According to the site leader, conditions on site were very dusty,
Children might also be exposed to lead through pica, the ingestion of nonfood
substances, which in this case might potentially become cgntaminated with lead
dust. Although there are no individuals who are known 36 regularly frequent the
site, which is currently inactive, site access is not restpicted.{ It may be noted that
the population within a l-mile radius of the site has bfen characrerized as "sparse"

exposure can result j : ici A\phrotoxicity, and/or a reduction in
hemoglobin synthesig ¢ inanemisd Altered testicular function is also a

however, for the possikle/presence of acid. If strong acids are present, they could
potentially pose a serious health hazard via direct skin or eye contact and, possibly,
the inhalation of vapors. Depending on the concentration and length of exposure,

contact could result in damage ranging from irritation to severe burns.

7-3 100196



Site Name: C & R Battery
TDD No.: F3-8503-29

i
\_~ 7.2.1.2 Groundwater E
Filtered and unfiltered samples were colfected on site from MW nos. | (same as 2A)
l and 2. Lead and several other inorganics, including arsenic, chromium, beryllium,
cadmium, barium, iron, manganese, aluminum, nickel, and/or vanadium were
l reported at elevated levels in unfiltered samples, The heavjest contamination was
reported in the sample from MW no. 2. A few of these inérganpcs (lead, cadmium,
arsenic} were also reported at elevated levels in ite/ soil samples. The
I contamination of the groundwater may, at least in/part, e _related, 1If the
groundwater were used, untreated, as a potable ould pose a
l number of health hazards.
’ Arsenic (80 ug/l) is a recognized human e oral route. Beryllium
(124 ug/l) is a suspect human carcinogen. Epidemiolog{cal evidence has suggested,
I but not established, an association between inha ure to'berylliurn in the
workplace with human cancer.” B é6wn to induce cancer in
1 animals via inhalation, intratrachéel, and_intravenous youtes.” Using carcinogenic
A/ risk factors based on foreign epidey iohl adies (arsenic) and animal qata

ifetime ingestion of 2 liters of the

groundwater per day mig - ) risk of up to 4.3 x 10-2 (4.3 in
100).8 It should be rently some question as to whether
concentrations of argenic ported in the MW sample significantly
increase human cancer results of epidemiological studies conducted in
the United StajeS did no eased incidences of cancer in communities

whose drinkipf ingd UpAo 200 ug/l of arsenic.? There is evidence that
trace amoyhts oRg 50 ug) may actually be essential for human health.$
The reported.concentrajion of arsenic exceeds the primary Maximum Contaminant

Level (MCL) for pyblic drinking water supplies.6

4 1001387
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Site Name: C & R Battery

TDD No.: _F3-8503-29

Reported levels of lead (up to 2,157 ug/l), cadmium (90 ug/l), chromium (701 ug/1),
nickel (635 ug/l), and barium (2,460 ug/l) also exceeded primary MCLs (50 ug/! for
lead and chromium, 10 ug/l for cadmium, 150 ug/l for nickel, 1,000 ug/l for
barium).6 The toxic effects of lead were previously discussed in this section. The
kidney is the main target organ of chromium and cadmium toxicity resulting from
overexposure via ingestion. Hexavalent chromium is_a recognized human
carcinogen by the inhalation route. However, there i

no gonclusive evidence
linking the ingestion of chromium with cancer. > oxicity of nickel is
considered to be low and there is evidence that sm4 pf dietary nickel
may be essential for human health. The most se

ug/l for manganese, 300 ug/l for iro
a health hazard. The chrgni
hemosiderosis, an abnor

liver and reticuloendot} elis@tem. e_x@gh deposition may subsequently result
in tissue dysfunction

drinking water crierion for/vanadium, but the reported level (1,107 ug/l) would not
be expected to be tox{c/in the absence of significant exposure by other routes,
There is currently no evidence of chronic oral toxicity caused by the excessive
ingestion of vanadium via food or water. It has been reported that the daily
ingestion of doses as high as 17,500 ug have been tolerated in healthy adults
without any adverse effects,l!
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Site Name: C & R Battery

TDD No.: F3-8503-2%
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The high levels of metals in the groundwater would probably render it highly . "

unpalatable and might cause acute gastrointestinal distress. It is unlikely that the
groundwater could be tolerated as a potable source by most individuals, even on a
short-term basis. ' '

Only a few inorganics (beryllium, cadmium, iron, mapganese, nickel) were
confidently reported at elevated levels in filtered MW sargples;y The reported lead

levels could not be confirmed by the quality assurance ghemigts (see section 6.2.2).

The levels reported in filtered samples were substanjfally belowNhose measured in

unfiltered samples. The sampling results suggs

of undissolved, suspended particulates, the ili fhich would be anticipated
to be limited in groundwater systems. obility of the inorganic
contaminants could increase, however, if
infiltrate the soil and groundwater, Sulfuric avid is reported to be among the
wastes present on site. Acids can ofubility of lead and other

metal/metalloid salts.

The potential health hazards Qe posed by the levels of inorganics present
in the filtered samples Are few less )severe than those posed by the
concentrations in unfilyer ssible carcinogenic risk posed by the
long-term daily inge vel of beryltium (5 ug/l} is estimated to

cadmium (6.6 ickel (110» ug/l) are below primary MCLs. However,
Atrations exceeded proposed RMCLs (5 ug/l for
> RMCLs are nonenforceable health goals. The

{up to 2,063 ug/l) &
palatability of the water, but are not of apparent concern to human health,

sf¢ded secondary MCLs. These levels might atfect the

7-6
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Site Name: C & R Battery
TDD No,: F3-8503-29

7.2.2 Off-Site Contamination i
A
The main concern regarding on-site contamination is the degradation of the
groundwater, Groundwater is used as a potable water source in the area
surrounding the site. On-site contaminants might also potentially impact upon a
site-adjacent intermittent stream/drainage ditch. The sfream, which receives
runoff from the site, discharges into the James River 600

tet nprth of the site.

Samples were collected from 3 local private wells.
the sodium concentration (211,600 ug/l) measured j

ith the pod¥sjble exception of

MCLs. The levels might affect
threats.

failure, renal disease, i is €f the liver, toxemia of pregnancy, or Menieres
costeroid therapy, and, possibly, infants.?»12
A guideline g sod{um in drinking water has been suggested to
protect hig Adverse health effects may occur in individuals
who are on“ggvere estrjcted diets and whose daily sodium intake must be
restricted to 500Nqg per day, if the sodium concentration in drinking water exceeds
20,000.12 For individ

2,000 mg/day), the portion that is allowable to water intake varies. In many cases,

als/that are on a moderate sodium-restricted diet (less than

an allowance is made for concentrations of up to 100,000.17
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Site Name: C & R Battery
TDD No.: F3-8503-29

Sediment samples were collected from the site-adjacent stream at up--.and
downstream locations; aqueous samples could not be collected becausé—'?’fﬂig'
streambed was dry. With the exception of a slightly increased level of cadmium in
the downstream sample (6.2 vs. 3.3 mg/kg, upstream), which is of doubtful
significance, the levels of inorganics in the downstream sample were simijlar to or
less than the concentrations measured in the upstream sample. Lead levels in both
samples were similar (530 and 544 mg/kg). Although the/lead Xoncentrations are
substantially above averages (10 to 20 mg/kg) reportgd for{soils and sediments,

contamination of local soils and surface waters. ental lead levels were
to become elevated, they might impact upg gta and fauna. It may be
noted that an endangered bird specks, th g woodpecker, is reported to
range within the site area, although w/sighted in the immediate site

vicinity (see section 3.8).

N

Prepared

Date: February 18, 1986

abel Mapgdelbaum, Ph,D.
To¥icologist
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Site Name: C & R Battery

‘ TDD No.: _F3-8503-29
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Site Name: C & R Battery
TDD No.: F3-8503-29
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' 1. COST CENTER: TR
A\ REM/FIT ZONE CONTRACT o
l ATCIUNTRD TECHNICAL DIRECTIVE DOCUMENT (TDD) F3-8503-29

3. PRIGRITY: 4. ESTIMATE OF 5. EPA SITE 1D: 5. COMPLETION DATE: |7, REFERENGE INFO..
| TECHNICAL HOURS:

CKmicH 180 VA-281 Klves [Jno
MEDIUM 4A. ESTIMATE OF 5A. EPA SITE NAME:

' - SUBCONTRACT COST: C & R Battery CJaTracHeo

[ row Erick ue

Richmond, Va, | 3 wks. after OA

8. GENERAL TASK DESCRIPTION: _Conduct a site inspection of the subject site,

10. INTERIM

9, SPECIFIC ELEMENTS: DEADUINES:

1.) _Review background information.

2.) Contact state and local agencies for relevant information.
3.) Arrange for site access., Coordinate lab analysis,

L/ 4,) Perform sampling according to approved sampling plan prepared under TDD F§-8502-13,

5.) Conduct on and off-site {nspection and sampling.

6,) Take and ship samles according to standard protocol.

7.)_Prepate and submit field crip report dye 2 wks, after gite inspection.

! 8.) Perform Quality Assurance Review of lab data. |

| 9) Prepare and submit report, include in cover letter recommendatiops for need df HRS,

' " %ssm‘;{'lﬁggﬁ Eﬂnﬂiis projectF%%"gérpgﬁm acordhf?t%‘: "WEEIEJ Rev.l. FORMAL BRIEFING (]

OTHER {SPECIFY):

12. COMMENTS:

State Code (5] County Code 760
13. AUTHORIZING RPO: A o 14, DATE: / f
/4/-4—(’6/ {r Ec;r‘t ‘; /.>// 85~
i (SIGNATORE) T

16. DATE;,

CEPTED WITH EXCEPTIONS  [] REJECTED ~
e

15. RECEIVED BY:

L

(CONTRACTOR RPM SIGNATURE)

S;leet 1 Whits — FITL Copy Shest 3 Pink — Contracting Officer’s Copy (Washington, D. C. )
Sheet 2 Canary ~ DPO Copy Sheet 4 Goldenrod — Project Officer's Copy (Wathington, D.C.)
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23 May 1984 PROPOSED SITE RECLAMATION PLAN - C & R BATTERY SITE

Sy

T
L

3. CALCULATION METHODS: Using the results of the laboratory tests by F & R labs,

a copy of which is attached, thé number of tons of lime were calculated
for an area controlled by each sampling point, and to a depth as tested,
This volume was computed usihg the Parts per Thousand indicated in the.
tests. This methodology as referenced in the EPA publication mentioned
on Page 1 calls for the pH of the soil lime mixture to be raised to 6.5.
The calculatfon sheet dated May 8, 1984 indicates the amounts of
agricultural ground limestone required in each area, The total amount
of this type 1ime required is 100 tons to bring the pH to 6.5 if m1x1nq

could be accomplished with laboratory precision.

4. PARAMETERS AND PROPQOSED PLAN: Since the lime will have to be ﬁixed with the soil

by readily available grading and farm implements, 2 50% excess will be
used to allow for the inevitable less than perfect mixing. In addition )
C & R Battery management proposes to use a burnt Yime, which has more

readily available (OH)~ hydroxyl ions.

It js proposed to plow the areas required to a depth of two feet, and
apply the 1ime in the quantities calculated including the 50% excess.
The soil-1ime mixture will then be mixed by multiple rotary discs unttl
a uniform mixture is observed. A 1ight sprinkling, 1 gallon per square
yard will be applied to promote the reaction if the soils are dry, or
if damp, no water will be added. This will permit an initial reaction
to take place between the lead and the 1ime forming lead hydroxide
Pb{OH)}» which is a very low solubility product. The excess hydroxy?

ion in the soi) would presérve this condition. The area would then

be protected from percolating water that might remove this excess 1ime.

n * | 100215



. 23 May 1984 PROPOSED SITE RECLAMATION PLAN - C & R BAYTERY SITE

We propose to accomplish this portion of the stabilization by capping
3 the area treated with & six inch layer of {mpervious eiﬁys;spread over
the top and in a two foot deep trench at the edges of the treated

l | area, all compacted to 95% Proctor.

l The area now covered by the waste pond holding acidic wastes, will be
pumped out, and 1ime added with testing in the field to attain a pH
equal to that of the other areas,

A1l surfaces not covered by the industrial process operation or the
waste treatment facility will receive four inches of topsoil and be
seeded with fescue grass, with proper fertilization and protection

l until a stand is obtained.

L]

5. CONCLUSION: With this treatment and capping, utilizing the burnt Time and the
~ 50% excess we can expect a pH above 7 and well on the basic side 6f
I neutral, The lead in the soil will have its solubility reduced and
lead migration will be reduced to the point where the industrial

RN

process plant for battery reclamation could be placed on it and the
waste treatment plant to serve the process plant could be operated

without danger to the environment.

" PE.
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES ¢ ENGINEERING/CHEMICAL
“OVER ONE MUNDRED YEARS OF SERVICE"

1y

No: K=~52-397-12-A

Preleninary Anzlysis of Soil

Made For:

Cobough Blanton Associstes

P.0. Box 8822
Richmond, Virginia 23225

C & R Battery Works

Chesterfield, County, Virginia

Sample No.’

O 0 ~ v B W N e

bk it st b ek ek A et e
W ~N O W WwN -~ O

19
* 5,65 F

Sample I.D.
¥P-1, 0 to 1.0

RP-1, 1.0 to 2.0
HP-1A, 0 to 1.0°
HP-2, 0 to 0.5'
HP-2A, 0 to 1.0'
HP-2A, 1.0 to 1.3’
HP=-3, 0 to 1.0'
HP-3,
HP-4,
HP-5,

0.0 to 0.%°
0.0 to 0.8'
HP-6, 0.0 to 1.0'
HP-6, 1.0 to 2.0"
HP-6A, 0.0 to 1.0'
HP-6A, 1.0 to 2.0°
¥p-7, 0.0 to 1.0'
HP-7, 1.0 to 2.0'
HP-8, 0.0 to 1.0'
EP-8, 1.0 to 2.0°
HP-9, 0.0 to 1.0’

1.0 to 2.0'

pH Value

6.9 .
5.7
6.7
7.0
7.2
8.2
5.2
3.7
11.8
7.6
10.6

- 12.3

VA ¢

4.8
4.5
5.8
4.6
5.5
3.5
6.0

TE Ecom Witk RAY ..'HOML VEL L4 10
tin 3 REPORTED 100 PP TING THAT a5

#El{%;ﬂ!zﬂrams OUMBARTON ROAD s BOX 27524 » RICHMOND. VA, 23261 »

L

BAANCHES: ASHEVILLE. NC ¢ BALTIMORE. MO » CHARLOTTE. NC » CROZET.

C:YEEYTNEgiHLBLEngC o GREENVILLE. SC » NCRFOLICVA » RALEIGH, NC « ROANOKE.
a

)

December 30, 1983
;26;‘;'&. AL

Taa

Total Lesd (pb), ®mg/l
17,997 TIE

22,000
4396
43,569
3431
3233
7857
91.7
25,755
62,958
13,366
32,391
4589
292
35,379
6039
29,595
1114

25,583
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Sample No,

20
21
22
23
24
25
26

. SINCE

1881

Sample I.D.

HP-9, 1.0 to 2.0'
HP-%A, 0.0 to 1,0
HP=-9A, 1.0 to 2.0'
Kp-10, 0.0 to 1.0
HP-10, 1.0 to 2.0
HP-11, 0.0 to 1.0°
HP-11, 1.0 to 2.0'

PH Value

4,6
4.6
4.2
4.7
3.8
4,9
4,3

on’uhvﬂ' i

(ﬁ'&a}l -

Total Lead (pb), mg/l

446
22,172
3598
42,344

2638 -
60,635

9331

Respectfully,

o G sl

August A, Thieme

oM

Chief Chenmist & Director
Chemical & Biclegical Services

M&ﬁr s

“Chemist
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE”
1881 R
ApTil;t7n1984
¢
No: L=-52~034~4-A
Analysis of Soil
Made For: Cobough Blanton Associates
P.0. Box 8822
Richmond, Virginia 23225
Re: C & R Battery Works
Chesterfield County, Virginia X
Method of Test: E.P.A. 600/2-78-054 — .-
Lime requirement by S.M,P. Buffer page 67 i~

Reference: Report K-52-397-12-A

Agricultural Ground Limestone
with T.N.P. 90 X +,

Sample { fons per 1000 tons of (S;::,I}: Zer Thot
2 5.5
7 5.8 - -
8 15.3
13 . 14.4
14 14.5
15 7.4
16 - 14.7
17 7.3
- 18 : 15.5
20 13.8 10022¢

gl-_nseagg‘%m%;ws DUMBARTON ROAD o BOX 27524 » RICHMOND VA. 23261 ¢
BRANCHES: ASHEVILLE. NC ¢ BALTIMORE, MD ¢ CHARLOTTE, NC » CROZET.VA »
FAYETTEVILLE. NC » GREENVILLE, SC » NORFOLK.VA ¢ RALEIGH, NC « ROANOKE,
VA s LYNCHBURG VA,




& _ SINCE P

1881 . ‘
Agricultural Ground Limestone
with T.N.P. 90 X +,
Sample : tons per 1000 tons of Scil
23 : 13.0
24 15.3
25 6.8
26 8.0
Note: The above values represent that amount of limestone per unit to raise

pH to 6.5,

Respectfully,
e
Aygust A, Thieme

Chief Chemist & Director
Chemical & Biological Services
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COMMONWEALTH of VIRGINIA

STATE WATER CONTROL BOARD

Richerd N. Burton Piedmont Regional Office 0&"@';" 5
Exscutive Director 4010 Wess Broad Street fig. 4,-‘“'
Yost Otfice Box 11143 P.0. Box 6745 '
chmond, Virginia 23230 Richmond, Virginia 23230
{804) 2670056 804) 257-1006

July 23, 1984

Mr. Charles L. Guyton
C&R Battery Company, Inc.
cfo Mr. C. B. Neblett, Jr.

Baer and Neblett _
2907 Rungary Springs Road CERTIFIED MAIL

Richmond, VA 23228 RETURN RECEIPT REQUESTED

Dear Mr. Guyton:

The staff of the State Water Control Board has reviewed the revised
Site Reclamation Plan dated May 23, 1984 for the C&R Battery Company. We
received this plan on June 4, 1984,

BOARD MEMBE
John M. Arigil, .
Chairman
Patrick L. Stanct
Viea Chairma:

Watkine M. Abbit
Joseph §. Cragwas;
David K. Mills
Millard B. Rics,
Robert C. Winin

The plan was also reviewed by staff of the State Department of Health,
Bureau of Hazardous Waste Management. A copy of & letter dated June 25, 1984

from Mr. Robert Wickline is enclosed for your informatien.
We have the following questions and comments on the plan:

1. The soil pH must be raised to at least 9.5 standard units in order to
stabilize the high concentrations of lead in the soil.

Agricultural lime (calcium carbonate) should be used to raise the pH as

much as possible. Hydrated lime (Ca(OH)2) or burnt lime (Cad) should
then be used to raise the pH to 9.5. We recommend the use of hydrated

lime because of the hazards of working with burnt lime.

Uniform lime application rates for the agricultural and hydrated or
burnt lime should be used for the entire site. The rates would be the
highest rates indicated by the soil analyses. Calculations should be
submitted showing the amounts of agricultural and hydrated or burnt

lime to be used. The cation exchange capacity (CEC) of the soil layers
will be needed to determine the quantities of limes needed. A commercial
laboratory experienced in soil analysis should be able to make a recoumend-

ation on the quantities of the limes needed.

100224
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Mr, Charles L. Guyton
Page 2 .

2.

3.

I
-
i D

A one-foot thick clay cap having & coefficient of permesbility of

1 x 10~7 cm/sec will be required. The cap should be placed and compacted
in six inch 1ifets, The following information will be required on the
wmaterial to be used for the clay cap: A map which locates and gives the
exact dizmensions of the borrow area for the materisl; the results from a
representative number of samples from the berrow material analyzed per
appropriate ASTM procedures for particle size anslysis, plastic and
liquid limits, and plasticity index; and laboratory permeability testing
of the material at or up to 4I above optimum water content compacted to
at least 952 Standard Proctor Density or 90X Modifiled Proctor Deusity.

A technical specification detailing the step-by-step placement of the cap
i3 also required.

A foot of clay (vs, the proposed six inches) is necessary to easure that

an adequate cap is provided., It is difficult to achieve a uniform thickness
of six inches if only a single six inch layer is provided. Also, the State's
Hazardous Waste Regulations indicate that & two feet thick clay cap is needed
for cover of hazardous wastes, Although this case does not involve hazardous
vastes, the lead concentrations in the soil are very high and, in fact, the
soil was found to be toxic per the EP Toxicity Test. A one foot thick cap
is, therefore, appropriate, particularly, when compared to the original Site
Reclamation Plan which provided for a six inch clay cap after soil with lead
concentrations in excess of 100 mg/kg had been removed.

The owner must ensure that the reclamation plan is performed inr accordaace
with the approved plans. In regard to the clay cap, this will include repre~
sentative testing of each in-place lift to include water content and density

to show that the required permeability was obtained, and testing to demonstrate
that the material actually used for the cap was the same material originally
tested in the laboratory. We recommend that a geotechnical or scils engineer
be retained to supervise the performsnce of the reclamation plan and to do

the required testing., If a geotechnical or soils engineer is not hired, please
include with your response to this letter a plan for staff review and approval
detailing the testing that you intend to do to demonstrate compliance with the
approved plans. Upon completion of the plan, a written statement that the
reclamation plan was completed in accordance with the approved plans must be

submitted.

An eight to ten inch (minimum) layer of topsoil or a gravel cover will be
required over the clay for stabilization purposes. As indicated in the
revised reclamation plan, the topsoil would be seeded with fescue grass and
lime and fertilizer added to establish a good grass cover. Eight to ten
inches (minimum) of topsoil is needed for the grass to establish & healthy
root system and to provide enough moisture storage so that the grass can
withstand drought conditions.
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Mr. Charles L, Guyton

‘ Page 1
\_/ 2

4, Please provide plans showing the finished grading of the site and the si;t“&v,
j drainage system. As mentioned in previous correspondence, & minimum clope* ‘

of 1% is required on the finished site and positive drainage must be provided.

} . S. Az erosion and sediment control plan should be prepared and submitted to
Chesterfield County for review and approval. This plan should address ercsion
control during the performing of the reclamation plan and until & healthy

, stand of grass is obtained.

6. Please propose the location of three additional wells for ground water monitoring
| of the site. One of these three wells should be upgradient of the site,
: The existing 2-inch well installed in December 1983 should also be incorporated
‘ into the monitoring program. The provision of one upgradient well and three
downgradient wells is consistent with the State's Hazardous Waste Regulations

which provide appropriate guidance in this case.

7. Sample results have not been submitted for sample location # 12, Please
provide this data and revise the plan as appropriaste.

8. Please comment on the results of the soil sample at location # 6. The
high pH values observed may be due to the sample containing lime, which
I is located in this area.

. 9. Process and vehicle areas must be covered with concrete or asphalt, ete.
i to protect the clay cap.

Please resubmit the reclamation plan to address the above concerns.

’ 1f you have any questions or comments, please contact Mr, Ray Jenkins of
this office.
! Sincerely,
_l Peter L. Trcxlef, Director
Division of Surveillance, Field
I Studies and Applied Techzology
it
] cc: SWCB - Bureau of Applied Technology
SWCB - Bureau of Enforcement

Attorney General's Office - Mr. John Butcher .
) Mr. Charles L. Guyton
! ‘ Mr. L. R. Cobaugh, P.E.
Mr. Bruce S. Hulcher, Ph,D,
{ Mr. Robert G. Wickline
Mr. Richard M. McElfish, P.E.
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7 COMMONWEALTH of VIRGINIA

Department of Health

JAMES B RENLEY, M3,

SSHONER Richmond, Va. 23219 .
June 25, 1984 @Pﬁ
RECED VEp
J )
\ Peter L. Trexler, Director UN 26 1984
Division of Surveillance, Field ‘
Studies and Applied Technology .
[ State Water Control Board F)F?()
; Piedmont Regional 0ffice . “ -

4010 West Broad Street
Richmond, Virginia 23230

Dear Mr. Trexler:

‘ We have reviewed the Site Reclamation Plan dated May 23, 1984, for C & R
Battery Company, Inc. as prepared by Cobaugh, Blanton Associates. We
generally concur with the scheme proposed; however, there are some items of

‘ ' which you should be aware.

The materials in the "...area now covered by waste pond holding acidic
wastes...” cannot be treated and disposed of in the manner described {n the
plan. This would be considered a treatment of a hazardous waste, and that
activity would require a permit from our program. The time and difficulty in
acquiring such a permit would probably be prohibitive. We suggest these
l materials be packaged without treatment, shipped and disposed of in accordance

with current Virginia Hazardous Waste Mansgement Regulatiouns.

i Field tests to verify the amount of lime needed to treat the soil should
{ be made before proceeding (such verification 18 implied on the drawing, but fiC
is not discussed in the plan). Lead in this soll matrix will be composed of
{ sulfates, carbonates, hydroxides gnd oxides of lead and some organo-—lead
| compounds. It is difficult to predict the optimum pH for their precipitation;
however, a pH of 9.5 might be a becter target since this is in the normal
range of lead hydroxide precipitation. Tests could determine the optimal pH
! for minfimum lead solubility. Also, a pH of 7.0 or greater is normally needed
for lead absorption on clays.

K The clay cap will be thin and delicate. Normally, additional sand, soil

and vegetation would protect the cap. Some method of keeping vehicles and

activity away from the cap must be established. Any areas to be used for

process areas, vehicle areas, work areas or similar abuse amust be covered with

‘ asphalt or concrete. Any splash-prone areas should recelve special
consideration.
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Peter L. Trexler
Juae 25, 1984 LE L
Page 2 ' oF

Thia appears to be a viable plan. We hope it will result in a resolution
of this problem. If we can help in any further manner, please do no hesitate

to contact us.
Sincerely,

oo A )l

Robert G. Wickline, P.E.
Technical Program Director
Bureau of Hazardous Waste Management

RGW:438/mew
ce: SWCB = Bureau of Applied Technology

SWCB - Bureau of Eaforcement
Attorney General's Office = Mr. John Butcher
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GEOTECHNICAL STUDY

C & R BATTERY COMPANY
CHESTERFIELD .COUNTY, VIRGINIA

Preﬁared for

COBAUGH & ASSOCIATES
Richmond, Virginia

Prepared by

SAYRE & ASSOCIATES, p.cC.
Richmond, Virginia

Project: 83056 ' December 1983
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GEOTECHNICAL STUDY

C & R BATTERY COMPANY
CHESTERFIELD COUNTY, VIRGINIA

INTRODUCTION .

Upon the authorization of fr. Lee R. Cobaugh, P.E., we
have completed a geotechnical study at the site of the prdposed
improvements for C & R Battery Company on Bellwood Road in Chester-
field County, Virginia. The purpose of our study was to provide
professional opinions and recommendations concerning the soil de-
sign criteria for the foundations of the structures and to deter-
mine the depth to the water table. OQur«study included a recon-
naissance of the site, review of a previous investigation, test
borings, installation of a ground water monitor well, and an
analysis of the collected data.

SUMMARY OF FINDINGS

The soil in the top 8 feet is capable of supporting
the proposed concrete tanks and other minor structures. The
maximum allowable soil pressure is 3500 psf.

On-site sofl after stripping the top 8 to 12 inches
can possibly be used for constructing the berm after verification
with additional testing.

The ground water level was 40 feet below the surface

at the time of our investigation.
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DESCRIPTION OF SITE

C & R Battery Company is located on the norfh_gjde of
Bellwood Road, near the east end of the road, in Chesterfield

County, Virginia. The James River is about 1000 feet north of
the site.

The topography of the site is gently sloping to the
east. A drainage ditch is along the east property line and fiows
to the north and eventually to the James River. The difference
in elevation across the site is 3 to 4 feet. Drainage of the
site is fair to poor, with pockets of water standing over the
site. °

The site is cleared of vegetation except along the
western property line and the northern end of the property.
Equipment and plant structures are in scattered areas over
the site. _

The area lies at the western edge of the Atlantic Coast-
a3l Plain physiographic province. The soils have been deposited as

part of an old reworked flood plain of the James River. Soils

typically consist of clays, sands, and sands and gravels in vary-
ing thickness of strata. Boulders and cobbles are found at depths
of 35 to 50 feet.

DESCRIPTION OF PROJECT

A layout plan entitlied "C & R Battery, Inc." dated Janu-
ary 7, 1983, prepared by Hulcher & Associates'shows three concrete
tanks and other improvements, including soil berms around certain
portions of the plant. One of the below-grade concrete tanks will
be 35 x 35 feet, and the other two will be 50 x 50. The tanks
will be in the ground about 6 feet, and the tops will be flush
with the surface. .
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SUBSURFACE INVESTIGATION .

Two test borings and a groundwater monitor well were.
: made at locations suggested by the engineer. The two test |
borings were made at tank locations, and the groundwater monitor
well was made near the third tank and the low point of the site.
Two borings were drilled for the groundwater monitor well; one
to 20 feet, and the other to 45 feet. Groundwater was not
present in the 20~-foot boring.

The test borings were made using a truck-mounted dril)
rig with continuous-flight hollow-stem augers. Spliit-barrel
soil samples and standard penetration resistance values (K =
biows per foot) were obtained simultaneously in accordance with
ASTM Method D-~1586 at 2 feet, 4 feet, and then at 5-foot inter-
vals to the bottom of each boring. Test borings 1 and 2 were
drilled to depths of 25 and 15 feet respectively. '

Boring 3 was drilled for the groundwater monitor well
to 20 feet without sampling. Boring 4 was drilled for the
groundwater monitor well to 45 feet and was sampled from 24 feet
to the bottom of the boring at 5-foot intervals. _

Observations were made in each boring for the presence
of groundwatér. Logs of the borings are in the Appendix.

A 2-inch PVC pipe with a 5-foot screen and 0.0l1-inch
openings at the bottom was installed for the groundwater monitor
well. Pea gravel was placed in the bottom 10 feet of the hole
around the pipe, and natural soil used to backfill up to within
2 feet of the surface. The final 2 feet were backfilled with
concrete.

—— [ PR (-1 [ ) [ S Frysa— ——- " ——— h—n.-( .

DESCRIPTION OF SOIL Q
The site is covered with varying depths (1 to 10 inches)
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of crushed stone, pieces of batteries, and concrete pavement;?u
A 6-inch concrete slab is around the processing and plant opera-
tions areas.

Beneath the surface materials, there is a2 stratum of
moderately firm gray clay with brown sand seams. The thickness
of the clay stratum is estimated at 3 to 8 feet. The clay 1s
impervious and has standard penetration resistance values of 9
to 19 blows per foot.

From 3 to 8 feet to a depth of 27 feet, there is 2
layer of sandy clay. The sandy clay is moderately firm with N
values of 9 to 22 blows per foot. At 22 feet there is a 1 to 2-
foot thick gravel seam which protrudes into the sandy clay.

The sandy clay §s underlain by a 10-foot thick layer
of fine to coarse sand, which is moderately dense. Starting at
37 feet to the bottom of the deepest boring there is a dense
coarse sand and gravel.

Groundwater was measured at 40 feet during drilling
ancd following installation of the monitor well.

DISCUSSION

Soil conditions for shallow foundations are good at
this site, after stripping of the surface debris. The gray clay
near the surface and the underlying sandy clay stratum are capa-
ble of providing satisfactory support for spread or continuous
footings. 1In the top 8 feet the allowable soil pressure is
3500 psf for the undisturbed clayey soils.

The weight of the overburden soil removed in excava-
ting for the proposed tanks will exceed the weight the tanks
will exert on the soil at a depth of 6 feet.

The natural clay soil found on the site could possibly
be used for constructing the berms after additional investigation.
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It will be necessary that we sample and test the c1ay’£;“ﬂeter-
mine if the clay has the desired soil characteristics for the
bern.

Groundwater is present in the coarse sand and grave!
stratum which begins at a depth of 37 feet below the surface..
Water was measured in the monitor well on December 20, 1983 at
40 feet below the surface. The water level is approximately
the level of the James River and the ground water level can be
expected to vary with the level of the river.

LIMITATIONS

The analysis and recommendations submjtted in this re-
port are based upon the data obtained from soil borings performed
at the locations shown on the sketch in the Appendix. This re-
port does noi reflect any variations which may occur between
these borings. The nature and extent of variations between the
borings may not become evident until construction is underway.
If variations become evident, this firm should be notifted so
that immediate observations can be made of the conditions and
appropriate recommendations can be rendered.

This report has been prepared for Cobaugh & Associates

‘to be used in the design of the proposed structures. Anyone

using this report for any purpose other than design of the struc-
tures described herein must draw his own conclusions regarding
construction procedures and sojl conditions.

We recommend that this report in jts entirety, includ-
ing the Appendix, be furnished as information to prospective
bidders. We disclaim all responsibility and liability for any
part which is removed, quoted, or reproduced separately from
the entire report.
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We request the opportunity to review those portions
of the plans and specifications for this project which pertain
to earthwork to determine 1f they are consistent with our
recommendations.

SAYRE & ASSOCIATES, p.c

December 21, 1983 William R. Pully, P.E.

WILLIAM &, PULLY

LICENSE No.
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NOTES TO BORING LOGS

These notes refer to and are a part of the accompanying boring logs.

1.

2.

3.

The borings were made by a boring contractor under the continuous
observation of an engineer of Sayre & Associates. These boring logs
were compiled from Sayre & Associates field logs and the results of
visual examination of the soil samples in our laboratory.

The logs of the borings apply only at the specific boring locations
and at the dates indicated. They are not warranted to be representa-
tive of subsurface conditions at other locations and times.

The depth of the indicated boundaries between soil or rock strata is
approximate. Ihe transition between the strata may be gradual.

The ground water levels shown on the boring logs represent average or
typical values observed during the period of the boring operation or
shortly after completion of a boring. These observations do not re-
flect seasonal changes in the water table or the effects of intense

rainfall or runoff. In any excavation, trickling flow or seepage may
be encountered from perched water which is at levels above the water

table observed fn the borings, '

Soil samples recovered from the borings and which remained after
laboratory testing have been stored at Ayers & Ayers, Inc., Richmond,
Virginia, and are available for inspection by appointment. The soil
samples will be discarded sixty days after completion of the borings
unless a request is received to retain them for a longer period.

The locations of borings were determined by tape measurement from the
chain link fence just east of the property. Elevations of borings were
approximately determined by interpolation between plan contours. The
location and elevation of the borings should be considered accurate
only to the degree implied by the method used.
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— NOTES TO BORING LOGS (cggtinued)

._' .
Definition of Terms and Abbreviations

A1l soil descriptions are based on visval examination and on the following
definitions of terms and abbreviations:

Components
GRAVEL -

SAND -
SILT -
CLAY -
TOPSOIL -
FILL -

Composition
GRAVEL, SAND,

R
P
PR

particles larger than 1/4" diameter

particltes smaller than 1/4" diameter and larger than No.
200 sieve (individua) grains visible to naked eye)

particles smaller than No. 200 sieve (individual grains’
not distinguishable}; low plasticity to non-plastic

particles smaller than No. 200 sieve; medium to high
plasticity

surface soil containing a significapt proportion of
organic matter '

man-made deposit

SILT, CLAY
major component (50% or more)

gravelly, sandy, silty, clayey

some -
trace -
and -

Moisture
saturated

wet -
moist -
dry -

Structure
stratified -

faminated -

Color
dark, light -
mottlied -

WOH -

RQD -

NSR -

secondary component {33% to 50%)
minor component (10% to 33%)
minor component (1% to 10%)

two major components {nearly equal proportions)

below water table
much above optimum
near optimum

much below optimum

layers 1/2 to 12 inches thick
layers less than 1/2 inch thick

significant difference in shade
irreguiarly colored, usually indicates lack of drainage
weight of hammer

rock quality designation (% of core which is 4" or longe

no sample recovered 100241
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. BORING LOG : - éL
Boring No.: 1 JEievation ~ Top of Bor B o2’ - |©ate ot loﬂmcembe: 9, 19813
Project: B3056 C & R Battery, Inc.
Location: Bellwood Road, Chesterfield County, Virginia

Type of Boring: Hollow-stem auger

Jilting Contractor: Ayers & Ayers, Inc., Richmond, Virginia
Depih Steatum Description so":g::" C:::\:l:m:' Sample Dascriplion
0—Crusheq stone, pieces of -

‘»._EIEEEES-EE‘!-SEQZ-E-EL--...-.....1 1.5
- 3'0. 5-7-6  |Gray CLAY, moist
: 4.5 3-3-6 Gray CLAY, moist
l s__Gray CLAY 6.0 3-7-12 [Gray CLAY with brown sand seams, moist
-
[~ 8.5
‘ [ e e - ] 8-6-8 Gray fine sandy CLAY, trace silt.moisq
‘IOF— 10.0
-
] [ 138 o £1 ndy CLAY 1
=10= Gra ne sandy trace grave
| 15/—-Gray sandy CLAY 15.0 moizt e g
= 17.0
L _ 18.5 2=-7-6 Gray fine sandy CLAY, moist
l B ’ 3-3-6 Brown sandy CLAY, wet
o}— 20.0
22.5 . 4 GRAVEL, moist
25.0 7-14-21 [Brown silty fine SAND, moist
! —ad
gl
‘und Wam Data:
um levelis 0 _____1. batow ground surface hrs. attar complation. SAYR E & A SSOC ! ATE s! p.C-

Geotechnical Engineers

i0 ground water encountered during drilling. Richmond, Virginia

np

24

b

* No. of Blows 140-1b. Hammar, 30-in, Fali, Required 1o Drive 2 in. 0.D., 1.375 in 1.D. Sampier 6 Inches. 1
** Core Recovery as Percent of Length of Drill Run,




g

PP

Boring No.: 2_ | Etevation ~ To g Boring: 452" {Oate of Cals: December 9, 1983
[ Projeet: 83056 > € & R Battery, Inc. '

Location: Bellwood Road, Chesterfield CQuntx, Virginia
Tvoeof Boring: ~ Hollow-stem auger
Drilling Contracter; Ayers & Ayers, Inc., Richmond, Virginia

Oepth . Suwstum Duscription 5.6_2“2'::,' c::" gp':c::m':. , Sample Description
Or—-_Concrete slab - 67 ________
-=Crushed stone - 4-67--==-~--
: Gray_ CLAY g'g 9-7 Gray «CLAY, trace sand, moist
5:_ ;'g 11-20 Brown micaceous sandy CLAY, trace =
- ’ moist
™ Brown micaceous sandy CLAY
B 2.0 8-14 Brown micaceous sandy CLAY, t
10~ 10.0 andy + trace ¢
moist
r_
L ”»
- 14.0 .
15 15.0 4-5 Brown micaceous sandy CLAY, trace s
PBoring terminated at 15.0 ft. wet
R .
- »
20—
25 S -
-
=
30-—
r-
35—
40—
r—
o
Ground Water Data: .
Water level iy e 1t. below ground surface hrs. after compistion, . s AY RE & AS soc 1ATE S, F
Geotochnical Engineers
No groundq water encountered during drilling. Richmond, Virginia

* No, of Biowa 140-1b. Hammar, 30-in, Fall, Required 10 Drive 2 in, 0.D., 1,375 in 1.D. Sampler § Inches.
“* Core Recovery a3 Percent of Length of Drill Run,
Ses NOTES TO BORING LOG which are a part of this fog. 100243
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BORING LOG 5

Prdba 3 | Etevation — Top of Boring: 4312 [Oste of Boring: _December 19, 1983
Location: Bellwood Road, Chesterfield County, Virginia

Type of Boring: Hollow-stem auger ‘

Drilling Contractor; AYers & Avers, Inc., Richmond, Virginia
le Blows* .
Depth Stratum Description SD':“E‘::: cg:;“ ﬂ,‘c:,,f‘,';'.. Sample Description

or—-lfILI..-crushed stone, plastic 6"

10
t- Brown and gray sandy
~ CLAY

15

2% PVC pipe installed. 5' screen
with 0.0l inch opening at bottom
of hole.

Boring terminated at 20.0 ft.

T

e QR e S =

T

35

g
-

—tr

40

"

-

rlllrllllfllllrlTllfIIYI

45

Ground Water Data:

\ 4 Water tevel is 1. bolow ground surface hrs. afier completion. s AY R E & AS Soc I AT E SI P- C
' . Geotechnical Engineers
l 1 No groundwater encountered during drilling. . Richmond, Virginie

* No. of Blows 140-1b. Hammar, 35-in. Fall, Reguired to Drive 2., 0.0, 1.375 10 1.0. Sampler & Inch

*% Core Recovery as Percent of Length of Drili Run, 1 O 0 2 4 4
Caa NATES TA BNRING LOG which ara 2 nart af this loa.

T e -



- — e 2 DL ] Ostg of B o -20,
' lerojney: 63056 C & R Batterywinc, me0!8 #%:_December 19-20, 1983
Location: Bellwood Road, Chesterfield County, Virginia
‘ Type of Boring: Hollow-stem auger
Drilling Contracior: Ayers & Ayers, Inc., Richmond, Virginia
o le Blows*
i Depth Stratum Description ss::::.. CE::‘ g:cov::;' b Sample Description

PRI
- LR

~ Gray CLAY
Br—
Probe
- e e e to
rGravel seam at 9.0 fc.
10 24 £t

Brown and gray sandy CLAY

25.5 15-17 Brown and gray sandy CLAY, moist

1 |‘1 T I'T_| T T T T l T l‘1‘T*I_T :'T H

P Y T - - -

| E 30— gg': 8-12 Brown fine to medium SAND, moist
i g
IE L. Brown SAND
z 35— g;': 7=10 Brown fine'to medium SAND, moist
N
. [ (Large gravel)
b ag— 33' : 20-25  |Brown coarse SAND AND GRAVEL,
- Brown SAND and GRAVEL ’ saturated
i : (Running sand)
| 44,0
45 45.0 40-45 Brown coarse SAND AND GRAVEL,
! Boring terminated at 45.0 ft. ‘ saturated
i Ground Water Date: )
Water level is __40.0 1t below ground surface _LZ2 _ hrs. after comptetion. SAYRE & ASSOCIATE S, P- C

Geotechnical Engineers
Richmond, Virginia

-

)

E

l * No. of Blows 140-1b. Hammer, 30-in. Fall, Mequired 10 Drive 2 in. 0.D., 1,375 in 1.D. Sampler § Inches.
** Core Recovery as Percent of Length of Deitl Run,

$o4 NOTES TO BORING LOG which e & part of this fos. 100245
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE"

1881

Richmond, Virginia
December 30, 1983

. L

lanpan®
et SAT-2Uyppden. M ¢ T
Cobaugh Blanton Associates - %/
P. O. Box 8822 PRO o
Richmond, Virginia 23225 ‘460"' W é!’— W ﬂt .

Re:

Gentlemen:

Summary of Field Exploration
C&R Battery Works
Chesterfield Cu., VA

Included herein are descriptions of the hand probe borings performed on Decembe

19, 1983 at C&R Battery Works, Bellwood Road, Richmond, VA.

The descriptions includ

total depth, depth and number of samples procured from each probe and, in some insta

a material description of the soils encountered in the probes.

Probes HP-5, HP-4, HP-2, HP-2A, and HP-1A met auger refusal at depths shallower

than 2.0 feet as noted in the descriptions.

Probe HP-! was offsct *5.0 feet in orde:

to obtain sample two (S-2) from 1.0 to 2.0 feet. Surveyed markers for HP-2, HP-9A,

and HP-10 were disturbed prior to our arrival at the site, and these probes were re-

located in the field by tape measure.

Samples were placed immediately 1in plastic sample bags, properly labeled and

fastened to minimize the possibility of contamination.

Very truly yours,

FROEH7 ROBE

ohn P, Cassjdy, Manager
{ Geotechnica

JPC/dw

JEADGUARTERS: 3015 OUMBARTON ROAD ¢ BOX 27524 » RICHMOND.VA 23261 #
TEL {804} 2642701

BRANCHES: ASHEVILLE, NC + BALTIMORE MD « CHARLOTTE, NC ¢ CHOZET VA »
FAYETTEVILLE. NC ¢ GREENVILLE, SC » NORFOLK VA & RALEIGH. NC ¢ ROANOKE.
VA ¢ LYNCHBURG VA

e

CHARTERMEMUER  CHARTERUEMBER  MEWBER SNCE WD

100248




. ® N ©

v
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Distribution:

cc: Hulcher & Associates
2114 Spencer Road .
Richmond, Virginia 23230

Attention: Mr. Bob Gore

- e v oy .
( PR e P i—— camphati ——— [rom— (__ Sl 4
. ik A Ll Poristunich. . [ T IR
’ (
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: 3 //ff’ ° SINCE ®

I
| .,_. ':J_f,',;:.-,!-h
v 1"’ ’-I":.’.:."‘ -
i C&R BATTERY WORKS
F&R #K-55-221
I Hand Probe No. Depth Description Sample Ko
‘ HP=] _ 0.0-1.0' Brown Silty CLAY with Metal S=-1
' and Plastic Debris
1.0-2,0' 5-2
Hand Auger Refusal due to debris (plastic)
l S-2 offset 5' from S-l
HP=-1A 0.0-1.0' Gray Clayey Fine to Coarse S-1 |
I SAND, Little Silt, Little
Gravel
l Auger Refusal @ 1.0' due to gravel
HP=2 0.0-0.5" Cray Clayey Fine to Coarse s-1
. . SAND, Little Silt, Little
: Gravel with Plastic .
e Auger Refusal @ 0.5' due to gravel
l HP=2A 0.0-1.0"' Cray Clayey Fine to Coarse S-1
SAND, Little Silt, Little
Gravel
I 1.0-1.3' $-2
Auger Refusal @ 1.3' due to gravel
l HP-3 0.0-1.0" Brown Silty CLAY, Little Fine §-1
to Coarse Sand
1.0-2 .0' ' s-—z
] Probe Terminated @ 2.0°
HP=4 0.0-0.5" Brown Silty CLAY with Hydrated S-1
l Lime(?)
Auger Refusal @ 0.5' due to concrete
: HP-5 0.0-0.8" Gray-Brown Silty CLAY s-1
t w/Plastic & Debris
; Auger Refusal @ 0.8'

d

Lo
<
o
om
(&4



LS PO 'Y

Hand Probe No.

HP-6

HP=-6A

HP-8

HP-9

HP-9A

HP-10

HP=~11

.SiNC! . .

1881 U,

C&R BATTERY WORKS CONTD.

Depth
0.0-1.9"

1.0-2.0'
Probe Term;naced Q

0.0‘1 -0'

1.0-2.0'
Probe Terminated @

0.0-0.3"
0.3-2.0'

Probe Terminated @

0.0-2 00'

Probe Terminated @
000-002'
0-2-111'

1.1-200'
Probe Terminated @

0.0-0.8"
0.8-2.0'

Probe Terminated @
0-0-1-2.

102'2-0‘
Probe Terminated @

0.0-1.2"

1.2-2.0"
Probe Terminated @

Descrigtion

Gray-Brown Silty CLAY,
Little Fine to Coarse
Sand with Hydrated Lime(?)
Saturated 0-10"

2.0

Brown Silty CLAY, Little
Fine to Coarse Sand

2.0'

‘Gray to Brown Silcy CLAY (wet)
_Brown'Fine Sandy CLAY

2.0'

Brown Fine Sandy CLAY
w/Little Gravel

2.0’

Gray-Brown Silty CLAY
w/Plastic

Brown Silty Fine SAND w/Some
Clay '

Brown Silty CLAY

2.0'

Gray-Brown Silty CLAY w/Plastic
Gray-Brown Mottled Silty CLAY
2.0'

Gray-Brown Silty CLAY w/Plés:ic

& Metal Debris
Gray-Brown Mottled Clayey SILT

2.0'
Gray-Brown Silty CLAY w/Plastic

& Metal Debris
Gray & Light Brown Clayey SILT

2.0'

Sample N
S=-1

100249
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| ' FROEHLING & ROBERTSON, INC.

: FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL
i “OVER ONE HUNORED YEARS OF SERVICE"

\—/

1801

No: K-52-397-12-A

P.O. Box 8B22

0 -

Samfle No. g;TgfeOI;:=l.o'
2 HP~-1, 1.0 to 2.0'
3 HP~1A, O to 1.0°'
4 HP-2, O to 0.5"
5 HP~2A, 0 to 1.0'
6 HP-2A, 1.0 to 1,3
7 HP-3, 0 to 1,0'
8 HP-3, 1.0 to 2,0'
9 KP-4, 0.0 to 0.5’
10 HP-5, 0,0 to 0.8'
11 HP-6, 0.0 to 1.0°
12 HP=6, 1.0 to 2.0'
13 HP-6A, 0.0 to 1.0"
14 HP-6A, 1.0 to 2.0'
15 HP-7, 0.0 to 1.0°
16 HP-7, 1.0 to 2.0'
17 HP-8, 0.0 to 1.0°
18 HP-8, 1.0 to 2.0'
19 ¥P~9, 0.0 to 1.0'

HEADQU.
TEL (804} 264-2700

VA o LYNCHBURG VA

Preleminary Analysis of Soil

Re: C & R Battery Works
Chesterfield, County, Virginia

Made For: Cobough Blanton Associates
Richmond, Virginia 23225

pR Value
6.9

5.7
6.7
7.0
7.2
8.2
3.2
3.7
11.8
7.6
10.6
12.3
4.8
4.5
5.8
4.6
5.5
3.5
6.0

ARTERS: 3015 OUMBARTON ROAD » BOX 27524 « RICHMOND.VA, 23261 «

BRANCHES: ASHEVILLE, NC ¢ BALTIMORE, MD ¢ CHARLOTTE. NC # CROZET.VA »
FAYETTEVILLE. NC # GREENVILLE. 5C » NORFOLK.VA ¢ RALEIGH. NC OROANOK

December 30, 1983

Total Lesd (pb), mg/l
17,997

22,000
4396
43,569
3431
3233
7857
91.7
25,755
62,958
13,366
32,391
4589
292
35,379
6039
29,595
1114
25,583

(o) & (i

mf!lll!ﬂ!! mnm MENDE R SINCE Wit

100250



1881 .
h i . ."_a:!.; 'Tl';, B
) Sample No. Sample I.D. pH Value Total Lead (pb), mg/l
i 20 HP-9, 1.0 to 2.0' - 4.6 446
21 HP”9A| 0.0 to 1.0. ) 4-6 22'172
1 22 HP-9A, 1.0 to 2.0’ 4.2 3598
23 HP-10, 0.0 to 1.0' 4.7 42,344
] 24 HP-10, 1.0 to 2.0 3.8 2638
25 HP-11, 0.0 to 1.0’ 4.9 60,635
] 26 HP-11, _1.0 to 2,0' 4.3 9331
]
Respectfully,
] e
August A, Thieme
} Chief Chemist & Director
i Chemical & Biological Services
] e
. VIR PP st
! _ /Ray gﬁ‘oﬁalfzr
! ‘Chemist
}

100251
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F
; / TGURE 1
i JAMES RIVER
\_/ T —
% .
i NORTH |
f'f.;f_-d’.‘
CREEX
APPROXIMATELY 1500' TO RIVER
A S\¢——- Ditch sampied somewhere
: below operation.
: 01d facilitie /
/7 /] '\ (Supplies st
. / Capitol 011
. CONCRETE q building.)
N PAD -1-—-/ /\
' A /ﬁ—-
L
. s 14
I SETTLING
BASINS
: ,
! O ’
*/
' WELL #1
%
(A2
BELIHOOD ROAD
Drainage ditch upstream e
of C&R site. NOT_TO SCRIE
./

100256




10-3-78
7-17-78
4-24-78
1-20-78
10-3-77
8-30-77
7-14-77
6-23-77
5-19-77
4-26-77
3-21-77
2-15-77

7-30-76
7-26-76
6-25-76
5-14-76
4-6-76

3-23-76
3-8-76

2-10-76
2-3-76

1-27-76
1-20-76

C4R Battery

Well #1 nal\
pH b

3.01
2.95
3.00
6.20
2.70
3.80
3.80
4.40
4.40
4.25
3.35
4.5

5.40
4.20
5.95
4.8

6.0

6.5

5.15
4.72
6.05
5.62

0.43
1.88
1.05
1.38

0.05
0.05
0.55
0.89
0.05-
0.05-

Ditch
pH Pb
2.76 2]?1%
2.20 3.96
1.50 4.64
3.9 4,26
Well #2
6.7 0.05-
6.5 0.05-
6.7 0.05-
6.3 0.05
6.4 0.05
6.65 0.05-
6.25 0.05-
6.40 0.05-

100257



FULL SERVICE LABORATQORIES « ENGINEERING/CHEMICAL o t-
*OVER ONE HUNDRED YEARS OF SERVICE™ MAR £ 12

{ l{& FROEHLING & RC :RTSON, INC. | ﬁ{'?“i’"‘ﬁ-“ N

s

v\&li PRQ

No: J=52-061-2-A February 23, 1982

PN

Sampling & Analysis of Water e . BAT7T

Made Por: ¢ & R Battery Co. &'%’
‘ P.0. Box 3715
Richmond, Va. 23234 A@" &M#/

Attn: Mr, Charles Guyton

Marked: (1) Sample taken from well next to C & R Battery Co. office
(2) Sample teken from ditch running ghrough C & R Battery Co.
property .
{(3) Sample taken from gink in Capitol 011 Co. building
(4) Sample taken from drainage ditch on the north side of
Bellwood Road, aprroximately 60' west of C & R Battery Co.
property line,

Samples taken 2/19/82

s

0 - 0 - 0
_ Q) Q) Q) £4)
pH Value 5.3 5.1 6,2 6.5
Lead (Pb), mg/l. 0.20 0.76 :0.05 .57 .
Respectfully,

FROENLIMG & ROBERTSON, INC.

August A. Thieme
Chief Chemist & Director
Chemical & Biological Services

IS ".r ., . ;’,Z‘fr*— -
Ray Showalter

|
!
i
A
|
|
|
l
|
|
|
~

* Chemist
HEADDUAHTERS 3015 DUMBARTON ROAD « BOX 27524 » RICHMOND,VA. 23261 ¢ e PR
! TEL{BO4) 264 -2 : 0 } £ }
fORMNC  BRANCHES:ASHEVIILE. NC e fiAl TIMORE MD . r'HAF!LOTTE NCeCROZETVA . \ 1 B N |
u N ' tW el P F 100258



A FROEHLING & ROBERTSON, ne. [REGEWEID

FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL JUN % 1982
“OVER ONE HUNDRED YEARS OF SERVICE”

1881

No: J-52-061-5-A ' May 26, 1982
Sampling & Analysis of Water _ (7. MT—Q&M/
Made For: C. & R. Battery Co. | \ﬁ"

P.0, Box 3715 PR 460_
Richmond, Va. 23234 R 2
Attn: Mr. Charles Guyton '

Jeda

Marked: (1) Sample from well next to C & R Battery Co. office.
(2) Sample taken from ditch running through C & R Battery Co.
property.
(3) Sample taken from sink in Capitol 0il Co. building.
(4) Semple taken from drainage ditch on the north side of
Bellwood Road, approximately 60' west of C.& R. Battery .
property line,

Samples taken 5/24/82

0 C - o - o

@ o @ @
pH Value ' * 3.7 6.1 7.1

Lead (Pb), mg/l * 3,446 0.05 5,97

% Unable to take sample No. 1 due to pump not being operatiomal.

Regpectfully,
FROEHLING & ROBERTSON, INC.

ot F T

‘August A, Thieme
Chief Chemist & Director
Chemical & Biological Services

el

éf{lﬁw’{. éce:r LT

=
Clemist ;l O 0 2 J 9

. v T,

HEAOQUARTERS: 301 A s %
HEAOQUARTERS: 3015 OUMBARTON AOAD + BOX 27524+ RICHMOND VA, 23261 o ' W\
BRANCHES: ASHEVILLE. NC ¢ BALTIMORE, MD ¢ CHARLOTTE, NC « CROZET VA ¢ LN /e i

FAYETTEVILLE, NC « GREENY
T G ILLE, SC » NORFOLK,VA » RALEIGH, NC + ROANOKE,

e

.
CHARTLICMAEMILE CHARTLAMLNMBER  MEMULH M 0



FULL SERVICE LABORATORIES ¢ ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE”

| ?8‘ FROEHLING & RC . RTSON, INC. | AU

1881 : < ¥

STWEB e 5t

No: J=52-061-8-A August 19, 1982 A6 R w62

Sampling & Analysis of Water _
PRO

Made For: C & R Battery Co. _ Gy e,
P.0. Box 3715 , R -
Richmond, Va. 23234 ’
Attn: Mr. Charlea Guyton

Marked: (1) Sample fzkm well next to C. & R. Battery Co. office
(2) Sample taken from ditch running through €. & R. Battery Co.
property.
(3) Sample taken from sink in Capitol 0il Co. building.
(4) Sample taken from drainage ditch on the north side of Bellwood
Road, approximately 60' west of C. & R. Battery Co. property line.
Snmples taken 8/16/82,

5\/

|

!

]

l

|

1

|

| @ o o 9 ®
| pH Value . 6.3 6.0 6.4
|

|

|

|

|

l

/

Lead (Pb), mg/l * 0.10 0.05 0.10

Respectfully,

PROEHLING & ROBERTSON, INC.

-‘.’

//uvr < P

Auguat A, Thieme
Chief Chemist & Director

. BAT MWM/ | | Chemical & Biological Services
[ -

LB -~ Ll b e
~ ’ - (/ ‘—--z'.;----«-
ACO - ‘ - by Sslat e =
. Chemist

HEADQUARTERS: 3015 DUMBARTON ROAD » BOX 27524 » RICHMOND VA. 23261 o
TEL (804) 264-2701

WNO  BRANCHES ASHEVILLE. NC BALTIMORE, MD » CHARLOTTE, NC « CROZET VA o \\Q l ( "f»l:i / El}) 1 0 0 2 B O

1002 FAYETTEVINGE NG e bk i MVILY B S0 ¢ NOMECH K VA o FALEIGH, NG « ROANOKE,

Y
!
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F& FROEHLINB% ROBERTSON, INC. .

FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE"

1881

October 7, 1982

No: J-52-061-10-A Lk,

iy ]
.‘""'.'"‘!

Sampling and analysis of water

Made For: C & R Battery Co.
P.0. Box 3715
Richmond, Virginia 23234
Attn: Mr. Charles Guyton

Marked: Sample taken from well next to C. & R. Battery Co. office, 10-5-82

0 - 0 - 0 .
pH Value | ' 5.0
Lead (Pb), mg/l © 0,32
Respectfully,

o
//44"/ &t T
August A. Thieme

Chief Chemist & Director
Chemical & Biological Services

-

HEADQUARTERS: 3015 DUMBARTON R

;Eut!ﬁg‘" e ONROAD » BOX 27524 « RICHMOND.VA. 23281 #
NCHES: ASHEVILLE, NC ¢ BALTIMORE, MD » CHARLOTTE, NC ¢ CROZET.VA »

FAYETTEWILLE. NC « GREENVILLE, SC « NORFOLK,VA ¢ RALEIGH, NC -%ZOANOKE

VA « LYNCHBURG VA
CHANTERMEMBER  CMARTER ueuwl MEMBEIA SINCE 1t
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MAVN GFIICE AND LaRODNATORILY
P 0. 001 2514 3013 DUMBARION A0

FROEHLING & ROBERTSON, INC, Bchuone, madm T

MHONE 18041 Jar-1010 -
MATERIALS TESTING & INSPECTION — ENGINEERS & CHEMISTS CamEn tas0RRTEsIL

CABLE ADDRESS = "FROEHLING" c‘.':l:‘,“:'_:“m'“"““’“m::

1381 NOEFOLL, BALNOI, A0ANOKE

November 19, 1982

No: J=52-061-11-A e JAT‘- aluwsands {p}r

Sampling & Analysis of Water m[f
Made For: C & R Battery Co. ' MAR 1 1983
P.0. Box 3715

Richmond, Va. 23234
Attn: H;. Charles Guyton be?(J

Marked: (1) Sample from well next to C & R Battery Co. office
(2) Sample taken from ditch running through C & R Battery Co. property
(3) Sample taken from sink in Capitol 0il Co. building.
(4) Sample taken from drainage ditch on the north side of Bellwood
Road approximately 60' west of C & R Battery Co. property line -
Samples taken 11-15-82

0 - 0 - 0
| e _(2) (3) (4)
pR value * 4,4 6.1 6.4 .
Lead (Pb), mg/l * 0.08  ¢0.05 €0.05

* unable to take Sample No. 1 due to pump not being cperational

Respectfully,

- -~
’,’léffw/ ol //‘4'—
August A. Thieme

Chief Chemist & Director
Chemical & Biclogical Services

. fL et . L S T

Showéfter
Chemist

Please note that the pump is now in operation and samples are
being taken. We will send you a copy of the results as soon
as they are received by us.

Thank you.

Charles Guyton 100282
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FULL SERVICE LABORATORIES « ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE"”

F& FROEHLING & ROBERTSON, INC.

No: K=-=52-077-4-A
Sampling and Analysis of Water

Made For: C & R Battery Co.
P.0. Box 3715
Richmond, Va. 23234
Attn: Mr, Charles Guyton

Marked:. (1) Sample taken from well next to C. & R, Battery Co. office.
(2) Sample taken from ditch running through C. & R. Bat:ery Co.

Property.

MAY & 983

PRO

April 30, 1983

“stienn | BAT

BE R

ACO- Buledu -

(3) Sample taken from sink in Capitol Ofl Co. building.
(4) Sample taken from drainage ditch on north side of Bellwcod
Road, approximately 60' west of C. & R, Battery Co. property

Line.
Samples taken 4-27-83

0 - 0
ON

'pH Value 5.3
Lead (pb), mg/l 0.26

"I’EEL‘(%‘ZE Ezﬂ_’?n 3015 DUMBAATON ROAD » 80X 27524 » RICHMOND.VA, 23261 »
BARANCHES: ASMEVILLE. NC » BALTIMORE, MO » CHARLOTTE. NC o CROZET VA »

FAYETTEVILLE. NC e GREENVILLE, $C » NORFOLK VA ¢ RALEIGH, NC « ROANOKE.
VA ¢ LYNCHBURG.VA,

0
(3) %)
5.9 7.0
<0.05 0.42
Respectfully,

August A. Thieme
Chief Chemist & Director
Chemical & Biological Services

o e |

CHARTERMEMBER  CHAATER ﬂﬂ!ﬂ NEMBER SINCE 1904
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FROEHLING & ROBERTSON, INC. ~

FULL SERVICE LABORATORIES » ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE"

1881 - October 31, 1983
No: K-52-077-10-A ee AT o
y ' : : ﬁ‘% !
: Sampling and Analysis of Water ! i RSN JERN
‘ A‘O— J e L ..-u.!/'
Made For: C & R Battery Co. _ ‘ ' RAF X e
I P.0., Box 3715 $3
Richmond, Virginia 23234 ) -
Attn: Mr. Chalres Guyton P’ 'O
i Marked: (1) Well nmext to C & R Battery Co. Office.
(2) Ditch running through C & R Battery Co. property.
-z (3) Sample taken from sink in Capitol 0{i1l Co. building.
(4) Drainage ditch on North side of Bellwood Road, approximately 10' West
of C & R Battery Co. property line.
1 Samples taken 10-31-83 .
l 0 - 0 - 0
[\ (1) (2) 3y %) .
§ pH Value 3.6 * 6.2 6.7 :
Lead (pb), mg/l 0.79 *  £0.001 1.10
1
!
4
* Unable to take sample due to ditch being dry.
i : Respectfully,
B
August A, Thieme
Chief Chemist & Director
‘Chemical & Biological Services
_ (é_——-—-a_
féxs‘/«lm
emist
\_/

: ?&%Qﬂ“s 3015 DUMBARTON ROAD o BOX 27524 » RICHMOND.VA,. 23261 +
BRANCHES: ASHEVILLE. NC » BALTIMORE, MD ¢ CHARLOTTE. NC « CROZET.VA »
FAYETTEVILLE, NC » GREENVILLE, SC « NORFOLK VA & RALEIGH, NC ¢« AOANOKE,

' VA L\'NCHBURG VA,

CHAATER MEMBER  CHAATER MEMSER  MEVDER SnCE 104

110090 A
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SINCE

1881
No:
Sampling

Made For:

Marked:

pH Value

Lead (pb), mg/l

FROEHLING & ROBERTSON, INC.

FULL SERVICE LABORATORIES « ENGINEERING/CHEMICAL
“"OVER ONE HUNDRED YEARS OF SERVICE"

L-52-120-3-A

& Analysis of Water

C & R Battery Co.

P.0. Box 3715

Richmond, Virginia 23234
Attn: Mr. Charles Guyton

fipo e ., MaTER 12, 1984
Uil i gy
l-‘l‘ [IFANIE S ".‘;'. ‘
L];.-a- .:2'3
MAR 18 1964

Aco ~

(1) Well next to C & R Battery Co. office.

(2) Ditch running through C & R Battery Co. property.

(3) Sample taken from sink in Capitol 01l Co. building,

(4) Drainage ditch on North side of Bellwood Road, approximately 60'
West of C & R Battery Co. property line.

Samples taken 3-6-84

0 - 0 - 0
(65 R ¢ B ¢ ) N C) ]
6.2 6.5 6.3 6.5
0.32 0.22 «£9.001 " 0,077
Respectfully,

! HEADQUARTERS 3015 DUMBARTON ROAD » BOX 27524 « RICHMOND VA 23261 e

' TEL {604} 264-2701
BRANCHES: ASHEVILLE, NC » BALTIMORE, MD » CHARLOTTE. NCe CROZET VA »
FAYETTEVILLE. NC e GREENVILLE, SC ¢ NORFOLK VA ¢ RALEIGH, NC « RUANCKE,

i VA ¢ LYNCHBURG vA

- - / "
W‘{.//}.} //:'.:‘" l}‘_‘f';/(‘.‘.) )
August A, Thieme
Chief Chemist & Director
Chemical & Biological Services

. P o~ TS
/%bi(gﬁdﬁéicé;‘ -
Lhemist

B “_, Y . ,-':_'.."-ﬁ )
Py T
R, UD 5 v :-3 *h
v g R |
'?‘-:_:. -t : _q_i.p_'
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CORPORATION pare 2/e/ss
CLENT.CHR Barreey FILE NO.£3:850S-37 BY_£LJ&
SUBJECT. Checked By

ASSUME. :

'c) A SITE BEciomarion Ay PRk THE G+ DATTERY Sire MHAS Jeén
orvEwreEy 8Y (ooAVors ) Bt-ﬂmﬂ_ﬁ.uocm-rﬂ. THE Plaa/ Wewoeo
A OETAWEY , SITE PECIFIS UME. APPUCATION RATE- Fik pH
AND (£nY OTROILAZATION OF CONTAMINATED [LiLEA3 08 SITE. THE
BASIC CALEULAT 08) REQUIRED FOR THE ESTASUSHMENT 0F THE MK
BPUICAT 0a) RATE (ACQUVED THE ESTIMATION OF 301 VOWMES
ON SITE . FPREAS FOR VolumeE ESTIMATION WERE ESTABUINED BISEH
0N FHE LOCATION OF IAMAE LONTS &HheH REVEA LD DoCumeared
LEVELS 6F LEAD CONTAM/NATION ., JUBSEQUENT DiMENSIoNS (censor,
WroTH AP aE-!rH) ALed/o wWimH AVERAGE Joi.. DEASITILES WERE
THEN ArPLED 70 ESTIMATE THE QUANTITIES ¢F SOIL WITHIA) EACH
PRED,

*FoL Me ARPIses OF THIS RESGRT™ | THE- QUANTIT 15 FOR fLs ACERS A
Bmskreo BY (0QAVNH , Oursran) PAVE BEED ADIED TOGETHER To RelLESENT
M TOTAL QUANTITY ¢F COTAMIVATED JIL g¥ SITE. Dase2 on)

THIS COUSIOELAT IO /774'&‘- TOTAL QUAVTITY O0F COUTAMINATE.D BRI AT ?.‘M&
SITE Wi HDE. ASSUNED AS APPRD%IMA TELS 9) SYsS TorS.

-9 A DETAILES 301 SAMPLNG RELIRT ALl cABE To Tre Cte JaTicey SiTE
WAS PRE/ARLL QY FROENHUMNG A Ropetroos) | Tic. FOR THA CooAver,
Guanron) ReciAamarua) Par). THE REFLRT INCLUOED THE COLLELTIOND
OF 26 S01C SAMACES FRem |3 LocATIONS AT Dherys Feom O To A
FRET BT UVARIDUI LOCaTION S o# SiTE, THE REOCIRT IMNCwwsér THE
EESULTS O0F TOTAC LEAD ANHLYSIS F’c/é AL SAMALE. (BeaTlons. Kesuirs
WELE REIORTED 4) AIRFS PEL Miterod)

O FoR THE PuRfDSES OF 7315 REAppr, JHE AWALYTICAC RESUTS FOR.

R AMOLE. (OCATIONS WERE AVERASEL AN CANELTED [0 PrllEMTEE

OV VOLumE . THE AVERAGE LEUVEL 0F CONCERUITEATION KEPIATED W/t

THACE FORE G ASSUMESL /5 18992.7 mem oR 1.85 N 100267

O UTIUIZIWGE THE TOTAL SUVAUTITY oF COMTAMAATED Solt (ourarwEds 0K SITE
AN THE AVERAGE. LEVEC 05 (ONTAMNATION BY PEACEMTA-EE ,An) FIMMATE
CAns DE MALE. 0F AL QUANITY Of CORMBMIMATIIN IV S/TiE A3 FouowsS !

¥ G ST ELILETE L X ) 85 Yy Yoot = 1771, 8 TS S



, /m Consulting &'Design lor.lndus\ry Tel.
t . PO.Box 8822 Richmond,Va.23225 {8041 271-9407 13590 Oatl
' ’7 1t a0t 8Y: . [ 131 PROIECT
~ :::uuuu E[&Lag:_ C&R 3"‘“”:7
MECRAKICAL SRELT NO. or S re RECIAMATION
\_/ reinca TTIICLE DATE YTITIE
o BT Lime Sabilization of Lead
PROJ. IKCR _ . o‘lll }ﬂ 50;( orn Sife.
.Calevlations Based .on averages persemple &.-Volumes - . | cuft x105%
_. houndbad, by pMedlan [ines between somple poriTS | | “oscws,
=S A S N A P LAY meoured |
oo Lol LI xR g AR LA - SN Vf" J‘“(ﬁnz}zf_é.c'??ﬂ.ﬁum*g " Notes
A 1 Lo 4 - l. cihaea . - - - .
A=l ] : ' . | eH a7
{onlsel 1 TN P 7
L /21" 1141""56 % 5700 | (1-1') 5700} 286 |,00s5] |, E7 |prsiti?
2)4 : ‘; i 1o - : .i — eH /e °*
IS'I.._/’ M%’loﬁ 4 _ fﬁ‘ G4 .87 IpH 82
/8 1 it ~1 {en 2.7
|aZs | 1 T ~ | i e -8
5o | si ] — _|eH 7
k jf"’} . : . : . : . — ?H 16.6 ’2-.
lgAa 22102 17%% | 489¢c|(1-0) agac | 244.8 |9, 0144| 3.53 |eH 4.8
cpliel l . ..laee96 (2-1)|4-896| 244 81p.0145] 3.55 |eH .5
12 /15150 1" 92 110,800 1(1\-0)l10800] 540 lo.¢074! 4,00 | PH s.§
7/ 16 V4 - 1/n800|(2-1)0800] S40 Jo.o147| 7.94 len '46
8/17 1 155 | 5, 112,688|(1c0D]12,¢88] 6344 [0.0073| 463 | eH 5.5
8/ / ! _ 112,688(2%1'){12,688] 34,4 |6.0155| ©8.63 |PH 3.5
9//9| 128 | 75 19,600 (100|960l age G253 3. 50 |PH &2
212 3 |L2.6%] 241’V 96001480 lo.0138] &, 63 [P 416
194 /21 |15.2¢9]( ;o< 15269] 763.4 |U2GALL0. SHleH 4.6
CIYEF! 1115 2691(2%()15269) 763.410,6083 G.34|pH 4.2
0/23] 2l 1222211 o56|/ (0] | 11056 552.510.0130] 7. 18 |FH 4.7
10/a4l 1,050 (221" X1t gs6l 552.51001551 8. S¢lpH 3.8
N125| 253 Gpir Ay 9425 (150219421 /622 o.00c8| 7.43|pH 4,5
1/26 , 1842 [(2-1'421,844/0 9210 0080) 8,74 | pH 4.5
- Rl 4545.¢ _
I\' E | A; Do | _ | Fa 00.779 275 AG.Lir
[ . b Use [50 tons Burntlime . :___
3 | 100268
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No: K-52-397-12-A

Preleninary Anﬁlysis of Soil

Made For:

Re:

-

Sample Ko.

- B Y WV R T L

b et b pd s et b b e
O~ O W & WO

&~—/ 19

'A’ /-3—“.— 5

Cobough Blanton Associates

P.0. Box 8322

Richmond, Virginia 23225

C & R Battery Works

FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES « ENGINEERING/CHEMICAL
“OVER ONE HUNDRED YEARS OF SERVICE™

Chesterfield, County, Virginia

< TEECop with RAY S
1un s REFOMLED (M TY

Sample I.D.
¥p~1, 0 to 1.0'

FP-1, 1.0 to 2.0
HP-1A, 0 to 1.0
HP=-2, 0 to 0.5'
HP-2A, O to 1.0'
AP-2A, 1.0 to 1.3’
HP-3, 0 to 1.0'

EP-3, 1.0 to 2.0°

kP-4, 0.0 to 0.85'
Fp-3, 0.0 to 0.8
®P-6, 0.0 to 1.0'
KP-6, 1.0 to 2,0'
HP-6A, 0.0 to 1.0'
HP-6A, 1.0 to 2.0'
¥p-7, 0.0 to 1.0°'
HP~7, 1.0 to 2.0°
HP-8, 0.0 to 1.0'
HP-8, 1.0 to 2.0°
HP-9, 0.0 to 1.0'

PE Value
6.9 .

5.7
6.7
7.0
7.2
8.2
5.2
3.7
11.8
7.6
10.6
12.3
4.8
4.5
5.8
4.6
5.5
3.5
6.0

HEADOUARTERS. 3015 DUMBARTON ROAD « BOX 27524 » RICHMOND,VA. 223281 s

=

{8041 264-270

¥ ANCMHES: ASHEVILLE NC » BALTIMORE, MO » CHARLOTTE. NC ¢ CROZET VA »
| 7ETTEVILLE NC » GREENVILLE. SC + NCREOLK VA @ RALEIGH, NC ¢ ROANOKE,
VA ¢ LYNCHBURG VA,

-’

z&7QEDL,VE£4£fWUo'1HAT anhLMSLS

Decexber 30, 1983

Total Lead (pb), mwg/l
17,997 prny

22,000

4396

43,569

3431
3233
7857
91.7

25,755
62,958
13,366
32,391

4589

292

35,3719 .

6039

29,595

CARTER UERER

1114
25,583

CUATERMEMBEN  WEMBER SVCE WM
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W
Sample Ko, Sample I1.D. pH Value Total Lead (pd :f n

20 HP-9, 1.0 to 2.0' 4.6 o 446 M

21 EP-QA. 0-0 to 1.0' ‘.s ) 22.172

22 HP-9A, 1.0 to 2.0' 4,2 3598

23 HP'J.O. 0.0 to 1.0' ‘.7 ‘2.3&&

24 HP-10, 1.0 to 2.0 3.8 . 2638 °

25 HP-11, 0.0 to 1.0’ 6.9 N 60,635

26 EP-11, 1.0 to 2.0' 4,3 _ . -9331

AVERAE. =  UBo9¢.n
-6

T OIBRIL.39 ppa

= 1LesY,

—,
———

Respectfully,

et Foree’

August A. Thieme
Chief Chexist & Director
Chemical & Biological Services

jﬁé?‘?ﬁﬁ%%if&r —
Chemist
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HYDROGEOLOGIC FRAMEWORK OF THE
VIRGINIA COASTAL PLAIN

By Andrew A. Meng 1I1 and John F, Harsh
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i,

Open-File Report 84-728

Richmond, Virginia
1984
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Plate 1.
2.
3-13,

14-30.

100275

ILLUSTRATIONS
(Plates are in back of report)

General hydrogeoiogic column and regional
correlations for sediments of the Virginia
Coastal Plain,
Map showing location of control wells, well)
numbers, and lines of hydrogeologic sections, .
Hydrogeologic sections:
- 3. A= A" from well 51RS, Stafford County, to well 60L19,
Northumberland County, Virginia
4. B - 8' from well 52N16, Caroline County, to well 54R3,
: King George County, Virginia -

6.

C - C' from well 5205, Hanover County, to well 57P1,
Westmoreland County, Virginia
D - D' from well 54G10, Charles City County, to
well 60L19, Northumberland County, Virginia
7. € - E' from well 51K8, Hanover County, to well 59020,
Newport News, Virginia
8. F - F' from well 54Gl0, Charles City County, to
well 61B2, Chesapeake, Virgintia
9. G - G' from well 5303, Sussex County, to well 58A2,
Suffolk, Virginia
10. H - H' from well S5A1, Southampton County, to
well 55F20, Surry County, Virginia
11. I - 1' from well 58A2, Suffolk, to well 5809,
Isle of Wight County, Virginia
12. J - J' from well 52Al, Southampton County, to
well 6105, Virginia Beach, Virginia
13. X - K' from well 58A2, Suffolk, to well 62C5,
Virginia Beach, Virginia
Hydrogeologic maps showing: _
14. Altitude of top of basement surface
15, Altitude of top of the lower Potomac aquifer
16. Thickness of the lower Potomac confining bed

17. Altitude of tog of the middle Potomac aquifer
18, Thickness of the middle Potomac confining bed

19, Altitude of top of the upper Potomac aquifer

20, Thickness of upper Potomac confining bed

21, Altitude of top of the Brightseat aquifer

22, Thickness of the Brightseat confining bed

23, Altitude of top of the Aquia aquifer

24, Thickness of the Nanjemoy-Marlboro Clay confining bed
25, Altitude of top of the Chickahominy-Piney Point aquifer
26. Thickness of the Calvert confining bed

27. Altitude of top of the St. Marys-Choptank aquifer

28. Thickness of the St. Marys confining bed

29. Altitude of top of the Yorktown-Eastover aguifer

30. Thickness of the Yorktown confining bed

v




N Figures 1-2, Maps sho

Ao/ 2.
| 3.

Table 1. Significant

wing--

Location of nerthern Atlantic Coastal Platneeaee- cemaaa 3
Location of study area~-eeeecse- ceemsoversaveaccana o= §
Idealized geophysfcal log showing aquifers and

confining beds and characteristic electric and .
spontaneous potential tracese--«-- —esrase “ecesrecsnssca §
Map showing example of Virginia we)l-pumbering system-- 9
Generalized geclogic section showing eastward-

thickening sedimentary wedge of Virginia Coastal Plain
sediments-mececcccccancnnanccancanciccnrscoceccnanancas](
Map showing major structural basement deformation
features of the Virginia Coastal Plafn and adjoining

F i 1AL ET TR TY P L P T P P P P L P P L L L P P P L L L L L

stratigraphic nomenclature 1a relation to hydrogeologic

framework units and modeling units of Virginfa Coastal Plain RASA

study-------‘ ----------- .--.-------..-.Q‘.‘.----..-----.-..----‘.-.16

Sarieliten M e

aak
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. CONVERSION FACTORS

Factors for converting tnch-pound units to the International System (S[) of
units are given below:

Multiply By To obtain
ft (feet) 0.3048 m (meters)
mi (miles) _ 1.609 : km (kilometers)
mi2 (square miles) 2.590 km2 (square kilometers)
ft/mi ?feet/mile 0.18943 m/km (meter per kilometer)
100277
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HYDROGEOLOGIC FRAMEWORK OF THE VIRGINIA COASTAL PLAIN 7
i by A. A, Meng Il and J. F. Harsh
ABSTRACT

This report defines the hydrogeologic framework of the Virginia Coastal Plain
and §s 2 product of a comprehensive regional study to define the geoloagy,
hydrology, and geochemistry of the northern Atlantic Coastal Plain aguifer
system extending from North Carolina to Long Island, New York, .
The Virginia Coastal Plain consists of an eastward-thickening wedge of
generally unconsolidated, interbedded sands and clays, ranging fn age from
Early Cretaceous to Holocene. These sediments range in thickness from more
than 6,000 feet beneath the northeastern part of the Eastern Shore Peninsula
to nearly O feet along the Fall Line., Eight confined aguifers, eight con-
fining beds, and an uppermost water-table aquifer are delineated as the hydro-
geologic framework of the Coastal Plain sediments in Virginfa. The nine
regional aquifers, from oldest to youngest, are lower, middle, and upper
Potomac, Brightseat, Aquia, Chickahominy-Piney Point, St. Marys-Choptank,
Yorktown-Eastover, and Columbia, The Brightseat fs a newly identified and
correlated aquifer of early Paleocene age. This study is one of other, simi-
lar studies of the Coastal Plain areas in North Carclina, Maryland-Delaware,
New Jersey, and Long Island, New York. These combined studies provide a
system of hydro?eologic units that can be identified and correlated throughout
the northern Atlantic Coastal Plain. °

-/ Data for this study were collected and analyzed from October 1979 to May 1983,
The nine aquifers and eight confining beds are identified and delineated by

l use of geophysical logs, drillers’' information, and stratigraphic and
paleontologic data. By correlating geophysical logs with hydrologic, stra-

tigraphic, and, pateontologic data throughout the Coastal Plain, a comprehen-

sive multilayered framework of aquifers and confining beds, each with distinct

lithologic properties, was developed.

Cross-sections show the stratigraphic relationships of aquifers and confining
beds in the hydrogeologic framework of the Virginta Coastal Plain. Maps show
confining-bed thicknesses and altitudes of aquifer tops, provide the basis for
assigning aquifers to screened intervals of observation and production wells,
and are used for the development of 2 comprehensive observation well network
in the Virginia Coastal Plain, ‘
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INTRODUCTION

In 1977, Congress appropriated funds for a series of ground-water-assessment
studies titled the “Regional Aquifer-System Analyses” (RASA) program; this
program was designed to identify and evaluate the water resources of major
aquifer systems on 2 regional scale in the United States. In 1979, the U.S.
Geological Survey began a comprehensive regional investigation, as part of the
RASA program, to define the hydrogeology and geochemistry, and to simulate
ground-water flow, in the northern Atlantic Coastal Plain that extends from
North Carolina to Long Island, New York (fig. 1), Subsequently, the

northern Atiantic Coastal Plain RASA investigation was subdivided into five
state-level RASA studies. The Virginia RASA, headquartered in the Virginia
Office, Mid-Atlantic District, of the Geological Survey, was assigned the
responsibility of defining a regional hydrogeologic framework and of simu-
Tating ground-water flow fn the Coastal Platn province of Virginia (fig. 1).
This report describes the hydrogeologic framework developed as part of the
Virginia RASA study. Companion RASA studies were also conducted for the
Coastal Plain areas of North Carolina, Maryland-Delaware, New Jersey, and Long
Island, New York (fig, 1). Collectively, these individual studies form a
regional system of hydrogeologic units that can be identified and correlated
between adjoining states throughout the northern Atlantic Coastal Plain.

Purpose and Scope

This report s the result of part of the Virginia RASA study to {1) identify
and define the regional hydrogeologic framework of the Coastal Plain sediments
of Virginia; and (2) further understand the subsurface Coastal Plain geology
and hydrology. The description of the hydrogeologic framework presented
herein provides the basis for the RASA modeling study in Virginia.

Specific objectives of this regort are to: (1) identify and divide the sedi-
ments of the Virginia Coastal Plain into regional hydrogeologic units; (2)
delineate and describe the boundaries, stratigraphic relationships, and
characteristics of the hydrogeologic units; (3) provide data to construct a
digital model to simulate ground-water flow in the Virginia Coastal Plain; and

~(4) provide data to generate the regfonal hydrogeologic framework and to
construct a regional ground-water flow model of the entire northern Atlantic
Coastal Plain from North Carolina to Long Island, New York.

The scope of this study is to define a system of hydrogeologic units for the
Virginia Coastal Plain that correlates with a regional hydrogeologic
framework. The regional hydrogeologic framework is composed of ten aquifers
and nine confining beds and based on published literature describing the
hydrogeology in the Coastal Plain areas of New Jersey and Maryland. The
Virginia Coastal Plain nhydrogeologic units, as presented in this report, have
been divided into nine regional aquifers with eight confining beds, encom-
passing nine geochronologic epochs that range in age from Early Cretaceous to
Holocene., This hydrogeologic framework correlates areally and hydrologically
with units in adjoining States. The hydrogeologic units in the Viryinia
Coastal Plain are described in terms of age, litholoyy, stratigraphic posi- -
tion, configuration, areal extent, depositional environment, reyional correla-
tions, and their characteristic geophysical log siynatures; beyinning with the
oldest stratigraphic unit and ending with the youngest, Also, the aquifer-
unit descriptions briefly refer to the general use and availability of ground
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water, but 3 detailed discussion of water supply and water quality is beyond

./ the scope of this report. '

Location and Extent

The study area (fig. 2) comprises all of the Coastal Plain physiographic pro-
vince of Virginia. It encompasses the eastern third of the State and consists
of about 13,000 square miles. The study area {is approximately 125 miles wide
across the northern section, and 165 miles long along the western section, It
1s bounded on the west by the Fall Line, a physiographic boundary that sepa-
rates the Piedmont province from the Coastal Plain province. The Fall Line
runs generally north-south near or throuyh the cities of Alexandria,
Fredericksburg, Richmond, Petersburg, and Emporia (fig, 2), and closely
caorresponds to the present route of Interstate 95. The study area is 2lso
bounded by Maryland on the north, North Carolina on the south, and by the
Atlantic Ocean on the east. For the purpose of this report, the study area is
informally divided into five principal geographic regions: the western,
central, eastern, northern, and southern, For more precise geographical
orientations, the five principal regions are further subdivided into more spe-
cific parts, such as the northwestern, north-central, northeastern, west-
central, east-central, southwestern, south-central, southeastern. The above
areas and regions are referred to throughout the text so that explanations of
the interrelationships and areal extent of the hydrogeologic units can be
related to specific parts of the Virginia Coastal Plain,

Previous Investigations

Many reports describe specific aspects of the geology or ground-water resour-
ces in the Coastal Plain of Virginia, but none describe the hydrogeologic fra-
mework as a whole, Clark and Miller {1912) provide the first comprehensive
view on the geology and physiography of the Coastal Plain in Virginia.

Sanford (1913) presents the first integrated view of geology and ground-water
resources throughout the Virginia Coastal Plain. Cederstrom (1945a, 1957)
describes the hydrogeology of- southeastern Virginia and the York-James
Peninsula. Sinnott and Tibbitts (1954, 1957, 1968) define the availadbility of
ground water and the uppermost stratigraphy in the Eastern Shore Peninsula of
Yirginia. The investigation by Brown and others (1972) correlates 17 chro-
nostratigraphic rock units and depicts regional permeability-distribution maps
based on the 17 delineated time-rock units far the northern Atlantic Coastal
Plain sediments, The Virginia State Water Control Board (1970, 1973, 1974),
Siudyla and others (1977, 1981), and Fennema and Newton (1982) present data on
ground-water conditions in various county and peninsula-wide areas in the
Virginia Coastal Plain. A stratigraphic-data report published by the Virginia
Division of Mineral Resources (1980) on a U,S. Geological Survey corehole at
Oak Grove, Virginia, supplies invaluable information on sudbsurface geology in
the northwestern part of the Virginia Coastal Plain. Numerous reports pre-
pared by consultants describe the ground-water conditions and potential yields
of important aquifers in various parts of the Virginia Coastal Plain, espe-
cially the southeastern area, In addition to the information cited above,
other important data sources include works by: Cederstrom (1943, 1945b);
Richards (1945, 1948, 1967); Spangler and Peterson (1950); Hack {1957);
Brenner {1963); Nogan {1964); Drobnyk (1965); Glaser (1969); Hazel (1969);
Johnson and Goodwin (1969); Cushing, Kantrowitz, and Taylor (1973); Onuschak
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(1972); Oaks and Coch (1473); Bldckwelder and Ward (1976); Ooyle (1977); Doyle

and Robbins (1977); Hansen (1978); Blackwelder {1980); Gleason (1980); Ward

?nd B;ackwelder {1980); ward (1980); Meisler (1981): Larson (198l); and Gibson
1982). .

‘Methods of Study

Data used in this study were collected, analyzed, and interpreted during the
period from October 1979 to May 1983, Literature pertinent to the litho-
logy, stratigraphy, and ground-water resources of the study area and the
adjoining States was reviewed and synthesized, Water-well and stratigraphic
test-hole data consisting of borehole-geophysical logs, drillers’ logs, well
completion reports, geologic logs, and paleontologic and core-sample analyses
were compiled, This information, together with hydrogeologic interpretations
provided by adjoining northern Atlantic Coastal Plain RASA studies, supplies
ghe dagap¥sgd to define the regional hydrogeologic framework of the Virginia
oasta ain,

Borehole-geophysical logs and drillers' information, supported by pertinent
stratigraphic and hydrologic data, were used to provide the basis for the
fdentification, correlation, and definition of the areally comprehensive hydro-
geologic framework of the Virginia Coastal Plain. Borehole-geophysical logs
are & quialitative, graphic representation of the subsurface environment :
penetrated by drilling. These logs portray a continucus, scaled record of the
character of the subsurface sediments, and are used to fdentify formaticns and
the relative salinity of formation waters. Details on the interpretation,
correlation, and application of borehole geophysics to hydrogeologic investi-
gations are given by Keys and MacCary (1971). The types of borehole-
geophysical logs most commonly used in this study consist primarily of
electric resistivity and natural-gamma logs. Spontaneous potential (S.P,) and
single-point and multi-point electric resistivity logs identify 1ithologic con-
tacts, determine gross sand-to-clay ratios in each hydrogeologic unit, and
indicate the relative quality of water in the aquifer units. Natural-gamma
logs define regional lithologic facies changes in units and dip directions of
strata that contain particularly high gamma-emitting lithologies or marker
beds. Orillers’ information includes sample logs, commonly called drillers’
logs or cuttings logs, and well-completion reports, Sample logs describe the
physical properties of sediments penetrated during drilling operations., Well-
completion reports provide information on depths to screened intervals and
water levels in finished wells, Geologic logs provide a detailed, usually
microscopic, description and identification of the lithology of cuttings
collected from the drilled holes. Paleontologic analyses of cuttings and core
samq]es provide biostratigraphic data on the ages of sediments., Core-sample
analyses also provide information on specific lithologic and depositional
characteristics of the subsurface sediments not otherwise obtainable from

drill cuttings.

Lithologic trends in the type and distribution of sediments are apparent from
analysis of stratigraphic, borehole, and water-well information. These trends
were identified on the basis of stratigraphic and lithologic relationships
obtained from different drilled holes over large areas and areally extensive
Yithologic and geophysical marker beds. Log siynatures depicting sand litho-
logies are identified and labeled as aquifers on the geophysical logs; in
contrast, 1oy signatures depicting clay lithologtes are identified and labeled
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as confining beds (ffg, 3}). A regional correlation of aquifers and confining
beds in the Virginia Coastal Plain was developed by comparing geophysical
logs and chronostratigraphic and lithostratigraphic units across adjoining
State boundaries,

He1l-number1ng System

The well-numbering system used by the Geological Survey in Virginia is based
on the "Index to Topographic Maps of Virginia™ (U.S. Geological Survey, 1978),

Topographic map quadrangles covering 7 V2-minutes of latitude and longitude,

“published at a'scale of 1:24,000, or 1 inch = 2,000 feet, are identified by

numbers and letters starting in the southwest corner of the State. The
quadrangies are numbered I through 69 from west to east beginning at 83°45'
west longitude, and lettered A through Z (omitting letters ! and 0) from south
to north, beginning at 36°30' north latitude. The area covered by the Coastal
Plain includes generally the quadrangles numbered from 50 to 69 containing the
letters from A to V. Wells are identified and numbered serially within each

7 V2-minute quadrangle. As an example, figure 4 shows the south-central sec-
tion of the study area. Well S3A2 is in quadrangle S53A and is the second well
tn that quadrangte for which the location and other data were recorded by the
Geological Survey. All wells selected as controls for this hydrogeologic
framework are listed by increasing well number in the Appendix of this

report.
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GENERAL GEOLOGY

The study area is part of the Atlantic Coastal Plain province that extends
from Cape Cod, Massachusetts, southward to the Gulf of Mexico. The Coastal
Plain province of Virginia consists of an eastward-thickening sedimentary
wedge (f1g. 5) composed principally of unconsolidated gravels, sands, silts,
and clays, with variable amounts of shells, This sedimentary wedge generally
ts devoid of hard rocks, although calcareous cementations are present locally,
forming thin lithified strata, The unconsolidated deposits rest on a rock -
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: ORIGINA"
surface, commonly referred to as the “basement,” that slopes gently Jﬁ&iucrd.
The sediments attain & maximum thickness of over 6,000 ft in the northeastern
part of the study area. Onuschak (1972) reports that the sediments are 6,186
ft thick beneath the Eastern Shore Peninsula at Temperanceville, Virginta
(fig. 5). Coastal Plain sediments thin westward to nearly zerc thickness at
the Fall Line and are highly dissected by streams throughout the western
region, Small, isolated erosional remnants of Coastal Plain deposits are com-
mon, just west of the main sedimentary wedge, in the Fall Line area. The sur-
face of the Virginia Coastal Plain consists of a series of broad gently
sloping, highly dissected terraces bounded by seaward-facing, ocean-cut
escarpments extending generally north-south across the province, Most of the
study area is less than 100 ft in altitude and one-f{fth is covered by water,
principally the Chesapeake Bay. The land surface is highest along the Fall
Line, especizlly in the northwestern part of the study area. The sedimentary
section, in general, consists of a thick sequence of nonmarine deposits
overlain by a much thinner sequence of marine deposits, These deposits are,
for the most part, undeformed throughout, except for slight warping and
tilting, with associated local faulting. All depositional units strike
approximately parallel, or subparallel, to the Fall Line. The average dip of
each successively younger depositional unit decreases upward, with the oldest
deposits dipping nearly the same as the basement-rock surface (about 40 ft/mi)
and the {oungest deposits dipping less than 3 ft/mi. Sediments ringe in age
from Eariy Cretaceous to Holocene, and have a complex history of deposition
and erosion, '

Depositional History

Many different depositional environments existed during the formation of the
Virginia Coastal Plain. Numerous marine transgressions and regressions, punc-
tuated by varying periods of erosion, produced an assorted, but ordered, array

of sediments in the study area. The shoreline has occupied positions far to
" the east of the present shoreline, as evidenced by offshore submerged

Pleistocene barrier beach deposits, and positions at least as far west as the
Fall Line, as evidenced by marine deposits at the Fall Line. '

Ages of sediments ex?osed at the surface within the study area consist of
Early Cretaceous, Paleocene, Eocene, Oligocene, Miocene, Plifocene,
Pleistocene, and Holocene, Sediments of Late Cretaceous age are overlain by
younger sediments, and are not exposed at the surface in the study area,
Sediments of Early Cretaceous and Paleocene age crop out extensively between
the Fall Line and the Potomac River in the northwestern part of the study
area. Sediments of Eocene, Oligocene, and Miocene age are exposed principally
along the major stream valleys throughout the western and central regions of
the study area. The uppermost sediments of Pliocene, Pleistocene, and
Holocene age crop out extensively in broad areas throughout the eastern and
southern regions, and, to & lesser extent, in the central and north-central
parts of the study area. The Coastal Plain deposits of Virginia can be
divided into five principal lithostratigraphic groups based primarily on their
mode of deposition., These five groups, from oldest to youngest, are (1) Lower
to lowermost Upper Cretaceous Potomac Formation; (2) Uppermost Cretaceous
deposits; (3) lower Tertiary Pamunkey Group; (4) upper Tertiary Chesapeake

‘Group; and (5) Quaternary Columbia Group.

Throughout .the Early Cretaceous, the land area now comprising the study area
was elevated in relation to sea level, and thick sequences of fluvial-deltaic

1 .
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continental and marginal marine sediments were deposited on a broad rock sur-
face. These sediments, at first, were deposited by high-gradient streams,
which formed large subaerial deltas that prograded into the Cretaceous seas,
As the deltas developed, the depositional pattern gradually changed to a
lower-gradient, subagqueous environment throughout the latter half of the Early
Cretaceous. Early in the Late Cretaceous, the first major marine
transgression occurred, which {nundated the eastern half of the study area
with shallow seas and broad estuaries. A marine regression scon followed that
resulted in a Tong period of nondeposition which lasted throughout most of the
remaining Late Cretaceous. Toward the end of the Late Cretaceous, marine seas
ance again transgressed into_ the study, area, but only marginally along the
northeastern and southeastern sections, where a very thin veneer of clays,
sandy clays, and maris was deposited. Throughout the following Tertiary
period, interbasinal marine seas covered the study area to varying degrees and
deposited relatively thin, but areally extensive, sediments that consisted
grimarily of glauconite, diatoms, sands, silts, clays, and shells. These

ertiary marine deposits represent two major 1ithologically distinct groups:
the glauconitic sands, silts, and clays of the Pamunkey Group; and the shelly
clays, silts, and sandy clays of the Chesapezke Group. Sediments of
Quaternary age, which compose the Columbia Group, overlie most of the Tertfary
deposits. The Columbia Group includes fluvial and marine deposits that

'ref!e;t‘Pleistocene sea-level fluctuations.

*Structural Setting

Crustal deformation along the Atlantic ‘continental margin has produced the
regionally downwarped Atlantic Coastal Plain province, and the adjoining
regionally uplifted Piedmont province, Weathered rock debris eroded from the
uplifted areas were transported and deposited into the downwarped areas as
Coastal Plain sediments. The Coastal Plain's thin western edge, defined by
the Fall Line, marks the 1imit of the overlapping unconsolidated sediments
onto the crystalline rocks of the Piedmont highlands. The Coastal Plain sedi-
ments thicken and extend eastward to the submerged margin of the Continental .
Shelf approximately 65 miles offshore of Virginia. Within the regionally
downwarped area, local differential subsidence produced a series of structural
highs and lows, commonly referred to as arches and embayments (basins). Thick
accumulations of sediments were deposited within the embayments, with thinner
accumulations over the arches., The arches, in effect, separated each of the
basins, and together with other environmental factors, produced basins with
characteristic depositional sequences. Deposition in the Virginia Coastal
Plain was affected by three majar structural deformation features. These
structural features are, from north to south, the Salisbury embayment, the
Norfolk arch, and the Albemarle embayment (fig. 6).

The Coastal Plain of northern and central Virginia forms the southern flank of
the Salisbury embayment (Richards, 1948)--an eastward-plunging, open-ended
sedimentary basin with an axis that trends across southern Maryland,

Structure contours of the top of the basement rocks (fig., 6) bend noticably -
toward the northwest as they approach the axis of the Salisbury embayment.
This structural low has had a pronounced influence on the deposition of sedi-
ments throughout the northern and central sections of the study area. Lower
Cretaceous fluvial-deltaic deposits thicken consideradbly toward the axis of
the embayment; Glaser (1968) reports that more than 70 percent of the sedimen~
tary section in southern Maryland and northern Virginia is composed of Lower
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Cretaceous sediments. Lower to middle Tertiary marine deposits also thicken
toward the axis of the embayment in'this area, but the uppermost Tertiary
marine and overlying Quaternary fluvial and marine deposits seem not to be
affected by the embayment structure.

In contrast to the structural low that flanks the northern and central sec-
tions, a structural nigh is located midway in the southern section of the
study area, This structural high was originally termed the "Fort Monroe
High,” by Richards and Straley ?1953), and now 1s more commonly referred to as
the “Norfolk Arch” (Gibson, 1967). The axis of this structural high dips
gently eastward beneath the Coastal Plain sediments {fig, 6). This arch has
had a strong control on the deposition of some sediments in the southern part
of the study area. Stratigraphic evidence indicates that the Norfolk arch was
most active throughout Late Cretaceoys and Paleogene time {J. P. Owens, U.S.
Geological Survey, oral commun., 1983), which greatly influenced the deposi-
tion of these sediments. Generally, these sediments thin drastically as they
approach the arch from both the north and south, and some sediments are
missing from the area because of nondeposition or erosion. Like the Salisbury
embayment, this arch has not noticabl{ af fected the deposition of upper
Tertiary marine and Quaternary fluvial and marine deposits.

The Norfolk arch separates two distinct sedimentary basins that are charac-
terized by their Paleogene deposits--the glauconite~rich Salisbury embayment
to the north from the limestone-rich Albemarle embayment to the south. The
arch is qrobably the controlling structural feature responsible for the
general lack of limestone-type deposits in the Coastal Plain areas to the
north, E£2ing relatively higher than the surrounding basinal areas, this arch
modified the the depositional environment to the south and restricted the
northward migration of southern limestone-depositing seas across the arch,
Generally, the sediments north of the arch dip to the northeast and sediments
south of the arch dip to the southeast into basinal lows.

South of the Norfolk arch, deposition in the Virginia Coastal Plain was
influenced by yet another basement low in central North Carolina, and named
the "Albemarle Embayment" by Straley and Richards (1950). This embayment,
also referred to as the “Matteras Low" by Johnson and Straley (1953), is a
proad open-ended sedimentary basin that dips gently eastward. The south flank
of the Norfolk arch is the northern limit of the limestone-rich Albemarle
embayment. Sediments in the lowermost part of the study area (south of the
structural basement high), are generally much finer grained than sediments to
the north. 1In this area, limestone-stringers and limey-matrix deposits of
Paleogene age are common, These limey deposits become more numerous and
thicker in the northern North Carolina Coastal Plain (M. D. Winner, Jr.,
Geological Survey, oral commun,, 1982), and eventually thicken into the exten-
sive limestone beds of Eocene, Oligocene and Miocene age in the central North
Carolina Coastal Plain,

HYDROGEOLOGIC FRAMEWORK

The regional hydrogeologic framework described in this report {dentifies and
delineates eight major confined aquifers, eight major confining beds, and an
uppermost water-table agquifer. Recognition of the nine aquifers and eight
confining beds is based on lithologic and hydrologic characteristics of geolo-
gic formations, and {s supported by analysis of water-level data.
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Hydrogeologic units are defined on the basis of their water-bearing properties
and not necessarily on stratigraphic boundaries. A formation may contain more
than one hydrogeologic unit, or may be an aquifer in one area and a confining
bed in another, Therefore, the hydrogeologic units commonly consist of com-

lbinations or divisions of geologic formations,

The hydrogeologic names of aguifers and confining beds used in this report are
based on the name of the predominant geologic formatfon, or formations, that
comprise each unit., Geologic names are used so that a clear and concise rela-
tionship is developed between stratigraphic formations and their hydrologic
properties. With this geologically orientated nomenclature, the hydrogeclogic
unit name will immediately indicate a qualitative description and relative
position to those familiar with Virginia Coastal Plain stratigraphy. For
those not familiar with the Virginia Coastal Plain, each hydrogeclogic unit is
described in the following sections of this report and delineated on maps and
hydrogeologic sections in the back of this report. Regional correlations of
hydrogeologic units in the Virginta Coastal Plain with those in adjoining
States are included In the description of each squifer and confining bed based
on written and oral communications with 0, A. Vroblesky (VU.S. Geological
Survey, 1984) in Maryland and M, E. Winner (U.S. Geological Survey, 1984) in
North Carolina, The correlative aquifer unit names in adjoining States are
terms appliied by the RASA studies in the respective States and usually reflect
the name of the predominant geologic formation, or formations, that compose
each aquifer unit, However, the correlative confining beds in adjoining
States were not given hydro?eologic names, as was done far the Virginia
Coastal Plain, These correlative confining beds are commonly denoted &s “the
confining bed overlying..." a particvlar aquifer and in Maryland, the con-
fining beds are numbered serially 1 tnrough 9, from oldest to youngest.

For the purposes of continuity and clarity, only one set of geologic names is
used exclusively throughout the study area, even though the study area in-
cludes parts of two distinct sedimentary-basin systems--the Salisbury and
Albemarle embayments. The geologic formations that developed within the
Salisbury basin are the predominant depositional units throughout most of the
study area; therefore, these formation names are used. The much smaller,
lowermost part of the study area, in which sediment depositional history was
controlled primarily by the Albemarle basin system, is similar in deposition
and stratigraphy to the study area to the north, and, therefore, these units
are denoted accordingly, :

The regional hydrogeologic units identified in this study and the corres-
ponding hydrogeologic units of adjoining RASA studies are fllustrated on plate
1. Also {llustrated are diagnostic and correlative ages, stages, ‘pollen
zones, corresponding group names and formation names, lithologies, origins,
and areal distribution of each framework unit, together with a combined
idealfzed single-point electric resistivity and Vithologic log representative
of the total hydrogeologic section. This plate provides a quick reference for
the characteristics and correlations associated with the reyional hydrogeolo-
gic units {dentified throughout the Virginia Coastal Plain, Table 1 provides .
an overview of significant Virginia Coastal Plain stratigriphic nomenclature,
from a review of present and past literature, relative to the hydrogeoloyic
units identified in this study and the corresponding modeling units used in
the ground-water flow model developed under the Virginia RASA study (Harsh and
Laczniak, 1983, p, 592).
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Stratigraphic test-well and water-well data from more than 600 sites
throughout the study area were compiled, analyzed, and interpreted, Of these,
185 control wells were selected as being representative of the hydrogeologic
framework of the Virginia Coastal Plain. Control-well fdentifiers and their
locations are shown on plate 2 together with the lines of hydrogeologic sec-
tions (plates 3-13} that were developed to {)lustrate the stratigraphic rela-
tionships of the hydrogeolagic units. These control wells were selected on
the basis of location and quality of the geophysical, hydrologic, and stra-
tigraphic data. .

Stratigraphic- and geophysical-log data necessary for the identification and

correlation of each hydrogeologic unit are not available for some parts of the
study area. Generally, the areas from the western shore of the Chesapezke Bay
to the Fall Line, and south of the James River, contain the most complete data

- required for hydrogeologic correlations, I[n areas where data are not

available, or where borehole informatfon does not extend deeply enough, hydro-
geologic units are correlated by projecting dips of the units from known data
points, commonly from the updip sections, into those areas that lack suf-
fictent data. Two major areas that commonly lack data are the Chesapeake Bay
and the tastern Shore Peninsula.

Hydrogeclogic correlations of the lower hydrogeclogic units beneath the
Chesapeake Bay are, for the most part, approximate due to the general lack of
borehole information, There are no wells that extend to the basement in this
area. Water wells located on Tangier Island (63L1, plate 2) and the waters
test well (6202, plate 2) located at milemarker 3.7 on the Chesapeake Bay
Bridge-Tunne! provide only partial borehole information to depths of 1,000 ft
and 1,500 ft, respectively. The uppermdst hydrogeologic units beneath the
Chesapeake Bay and its tributaries were studied in detail because of interest
in the erosional effects induced by sea-level lowering during Pleistocene gla-
ciations. This erosion created deeply incised stream channels in the Coastal
Plain sediments (Hack, 1957: Harrison and others, 1965), which caused a
disruption in aquifer and confining-bed continuity and 8 change fn the distri-
bution of hydraulic heads within the affected aguifers,

The hydrogeology of the sediments beneath the Eastern Shore Peninsula have
been previously investigated to a depth of approximately 450 ft (Sinnott and
Tibbitts, 1954, 1957, 1968; Fennama and Newton, 1982), This area only has
three wells--the J&J Taylor ofl-test well, the Coast Guard Cobb Island well,
and the New York, Philadelphia, and Norfolk Railroad Co, well--which were
drilled to 1,000 ft or grester. Only the J&J Taylor well (66M1, plate 2) has
either geophysical and geologic information available for analysis. The
general lack of deeper hydrogeologic data throughout the Eastern Shore
Peninsula area makes correlations of most hydrogeologic units only tentative
south of well 66Ml1.

The information obtained from the interpretation and correlation of geophysi-
cal logs, as illustrated in the hydrogeologic sections, was then used to
construct sets of hydrogeologic unit maps (plates 14-30) delineating
thicknesses of confining beds and altitudes of aquifer tops. For the most
part, the hydrogeologic sections and maps can be used to determine the rela-
tive positions of, and depths to, the major aquifers and confining beds.
However, these hydrogeologic sections and maps are to be used only as a guide,
and, because of the variable nature of subsurface sediments, should not be a
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substitute for test-hole drilling, especially in areas where data are sparse.
Qutcrop areas of the geologic formation, or formations, that form hydroyeolo-
gic units are 1llustrated on the Geolagic Map of Virginia (Milici, Spiker, and
Wilson, 1963). It is important to note that, in many cases, the hydrogeologic
units constitute only the sandy or clayey facies of specific geologic for-
mations and, therefore, represent an undefined part of the geologic outcrop
areas,

Identification of each hydrogeologic unit is based on biostratigraphic and
lithostratigraphic analysts obtatned from literature describing outcrops, core
samples and/or cuttings. A test hole {(well 58H4, plate 2) was. drilled, in
cooperation with the Virginia State Water Control Board's Buresu of
Surveillance and Field Studies, to obtain stratigraphic and hydrolegic data by
analyses of core samples, cuttings, water-level measurements, water samples,
and geophysical logs. Correlation and delfneation of the fdentified hydro-
geologic units are based on compiled data in combination with the {nterpreta-
tion of geophysical logs, drillers' logs, and water-level data.

Basement Complex

The basement, which is overlain unconformably by the unconsolidated deposits
of the Virginia Coastal Plain, generally consists of a gentl eastward-dipping
erosional surface of warped, crystalline rocks (plate 14). ¥his basement rock
emerges along the Fall Line and extends westward forming the Piedmont pro-
vince. The exposed Piedmont complex consists mainly of massive igneous and
nhighly deformed metamorphic rocks that ‘range in age from Precambrian to Lower
Paleozoic (Milici, Spiker, and Wilson, 1963}, but also tncludes unmeta-
morphosed, consolidated sediments and fgneous intrusives of probadble Triassic
age within isolated grabens and half grabens (plate 14), It seems reasonable
to assume that basement rocks underlying the Coastal Plain in Virginia are
similar to the adjacent exposed rocks of the Piedmont terrain., It should be
noted that evidence is conflicting (Brown and others, 1972; Doyle and Robbins,
1977) concerning the presence of consolidated Jurassic sediments within the
study area, 1f, in fact, these consolidated sediments are present, they would
be considered as part of the basement complex fn this report.

The slope of the basement-rock surface ranges from 50 to 100 ft per mile near
the Fall Line and then decreases in slope to about 40 ft per mile to the
Atlantic Coast (plate 14), Data from wells that penetrate basement rock in
the Coastal Plain (plate 14) indicate an frregular, undulating surface com-
posed of the aforementioned variable 1ithologies., Many authors document these
frregularities in the basement surface beneath the Coastal Plain and suggest
various origins. Cederstrom (1945b) interprets many of the local steep-sided
basement features common throughout the Coastal Plain to be stream-cut chan-
nels and erostonal scarps. Other studies, however, (Minard and others, 1974;
Mixon and Newell, 1977} suggest that major breaks in slope of the basement
surface can be attridbuted more to faulting and warping than to erosion. In
wells that penetrate the basement, drillers' logs indicate that a saprolitic
mantle overlies the basement surface in many places, which suggests that not
all of the underlying basement surface was ercded, The basement surface forms
the basal Vimit of the study area and s overlain principally by sediments of
the lower Potomac aquifer. The basement surface is overlain by younger-age
deposits only near the Fali Line.
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Lower and lowermost Upper Cretaceous Potomac Formation

Fluvial-deltaic continental and marginal-marine deposits of Early to early
Late Cretaceous age constitute the basal lithostratigraphic section known as
the Potomac Formation (R. B. Mixon and A. J, Froelich, U.S. Geological Survey,
oral commun,, 1982), This stratigraphic section comprises the six lowermost
hydrogeclogic units and consists of three aquifers and three confining beds in
the hydrogeologic framework of the Virginia Coastal Plain., These hydrcgeolo-
gic units are the lower, middle, and upper Potomac aquifers and the
corresponding Tower, middie, and upper Potomac confining beds, The Potomac
Formation, as used in this report, is commonly referred to in the literature
as the Potomac Group. The Potomac sediments consist of ¢ massive, eastward-
thickening wedge of interlensing gravels, sands, silts, and clays. Throughout
the study area, the Potomac Formation rests nonconformably upon the dasement
rock surface and is separated by major regional unconformities from the
overlying latest Cretacecus and various Tertiary deposits.

The Potomac sediments crop out just east of the Fall Line in the major river
valleys of the study area and in an extensive arcuate band extending from the
northwestern part of the study area northeastward through Maryland. Clark and
Bibbins (1897? divided the Potomac sediments into four formations based on
characteristic 1{thofacies recognized in outcrops between Washington, 0.C., and
Baltimore. The four formations consist of, from oldest to youngest: the
Patuxent Formation, Arundel Clay, Patapsco Formatfon, and rocks of the former
“Maryland Raritan® now 8ssigned to the Patapsco. Corresponding associated
Tithologies of these four formations consist of massively bedded, light-
colored coarse arkosic clayey sands and sandy clays that commonly contafn gra-
vels; massively bedded clays and finely laminated carbonaceous clays, commonly
light to dark in color; interbedded medium, lenticular sands and well-bedded, -
highly colored clays; and interbedded fine, blanket sands and thinly to
thickly bedded, dark-colored clays. Similar 1ithologic units have been
recognized (Cederstrom, 1945a; Spangler and Peterson, 1950; Richards, 1967} in
the Potomac section throughout the study arez, although they are not generally
mapped as such because of their seemingly similar and discontinuous nature.
Lack of definitive age relationships for the various Potomac sediments in the
subsurface has, in the past, also hindered areal correlation of major lithic

units owing to the sparsity of readily apparent guide fossils associated with
these continental-deltaic deposits. . '

In Virginia, the Potomac sediments have not been as extensively studied as
those in Maryland. Early studfes of the Virginia Coastal Plain {Darton, 1901;
Clark and Miller, 1912; Sanford, 1913) divided the Potomac sediments {nto the
Patuxent and Patapsco Formations based primarily on lithologic and stra-
tigraphic similarities with the type formations in Maryland, Later studies,
however, generally have not recognized these formal divisfons.. These later
studies can be divided into two basic groups: those that refer to the Potomac
sediments as “Potomac Group undifferentiated” (primaril! Cederstrom’'s works);
and those that recognize the “Patuxent” with overlying “transitional beds"
(Onuschak, 1972; Teifke, 1973; Daniels and Onuschak, 1974), The “Patuxent,”
as recognized and delineated by these later studies, is not correlative with
the type Patuxent Formation of Maryland because it generally includes all
Potomac sediments of Early Cretaceous age in the study area, This “Patuxent”
should more properly be referred to as "Potomac Group undifferentiated,” in
comparison with other lithologic and stratigraphic studies (Brenner, 1963;
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Glaser, 1969; Robbins, Perr{, and Doyle, 1975; Doyle and Hickey, 1976;
Christopher and QOwens, 1980). ’

The characteristically variable lithologies and sparse macrofossils have made
past stratigraphic correlation of these sediments as formations difficult,
especially in the subsurface. The study of palynology, (pollens and spores)
has recently produced a systematic zonatfon scheme that qualitatively iden-
tifies and correlates the age reiationships of sediments. This zonation is
based on the analysis and {dentification of index microfossil flora that
resuited from the evolutfon of land plants and are recognized world-wide as
age indicators. Palynologic studies of the Potomac sediments provide, for the
first time, a comprehensive stratigraphic zonation that can be used to iden-~
tify equivalent-age deposits of continental and marginal-marine origins that
normally contain few other diagnostic fossils,

Brenner's (1963) analysis of Lower Cretaceous pollens in the Potomac section
of Maryland and Virginia resulted in the development of the first comprehen-
sive palynostratigraphic zonation that definitively correlates the ages of
sediments in outcrop with the ages of sediments in the subsurface. Other
detafled palynological studies by Groot, Penny, and Groot {1961}, Brenner
(1967), Doyle (1969), Wolf and Pakiser (1971), Sirkin (1974}, and Doyle and
Hickey (1976), have led to important modifications and a more cnmglete Zona-
tion of the total Potomac section. Robbins, Perry, and Doyle (1975) recently
refined Brenner's 20nation based on palynologic analysis of samples from four
deep oi] test wells located within the Salisbury Embayment. The palynostra-
tigraphic zonation scheme developed by ‘the above studies §s now recognized and
used to define the standard stages of the Cretaceous Potomac Formation,
Combined palynostratigraphic analyses (Brenner, 1963; Robbins, Perry, and
Doyle, 1975; Doyle and Hickey, 1976; Doyle and Robbins, 1977; Reinhardt,
Christopher, and Owens, 1980; L. A. Sirkin, Adelphi University, written
commun., 1983) have identified five major polien zones in the Cretaceous

Potomac Formation of Virginia. These major pollen zones and their

corresponding ages are: pre-Zone [, Berriasian to Barremian; Zone I,
Barremian to early Albian; Zone [I, middle to late Albian; Zone III, early
Cenomanian; and Zone IV, middle to late Cenomanfan (plate 1), Other studies
(Glaser, 1969; Hansen, 1969a; Brown and others, 1972; Hansen, 1983) have pro-
posed that correlatable lithological and depositionzl patterns are related to
most of the major pollen zones and their corresponding “formations." In this
study, the hydrogeologic units identified within the Potomac section of
Virginia are based on palynostratigraphic zonation, mode of deposition, litho-
logic characteristics, and hydrologic data. These units are then correlated
and delineated throughout the study area by interpreting of geophysical logs,
drillers' logs, and water-level data, I[n general, all Cretaceous units strike
approximately north-south and dip and thicken eastward, The delineated
aquifer units are wedge shaped in cross section and consist of a series of
interbedded sands and clays. The delineated confining bed units are highly
variable in thickness and consist of a series of areally interlayered siity
and clayey deposits,

Lower Potomac Aquifer

The Yower Potomac aquifer, by definition, consists of sandy palynostra-

tigraphic pre-2one I and Zone ! sediments of the Potomac Formation., These
sediments are early to middle Early Cretaceous (Berriasian through early
1002387 20
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Albian) in age and correlate with the Patuxent aquifer of Maryland, and the
Lower Cretaceous aquifer of North Carolina {plate 1). The lower Potomac
aquifer is the lowermost confined aquifer in the hydrogeologic framework, It
rests entirely on the basement surface and is overlain throughout its extent
by the lower Potomac confining bed, except where it crops out along the Fall
Line in the northwestern part of the study area (plate 15), This aquifer

‘attains a maximum thickness, 3,010 ft at well 66M1, in the northeastern part

of the study area and thins to a featheredge along 1ts western limit near the
Fall Line., It dips eastward at about 30 ft per mile throughout the area., The
lower Potomac aquifer consists predominantly of thick, interbedded sequences
of angular to. subangular coarse sands, clayey sands, and clays. This aquifer
unit is equivalent to the Patuxent Formation of Maryland, of which numerous
descriptions have been written concerning its characteristics.

From outcrops in Virginia, Berry (in Clark and Miller, 1912, p. 63) describes
the Patuxent Formation as medium to coarse, 1ight-colored quartz sands con-
taining lenses and beds of interstratified yellow, gray, and brown clays,
Berry also reports that, in general, the sands are highly arkosic, cross-
bedded and clayey, commonly with micaceous and lignitic material, and that the
Patuxent also contains varying amounts and sizes of gravels, either in beds,
or sometimes interspersed through strata of finer materials. Analysis of the
Lower Cretaceous depasits from the Qak Grove core (well 54P3, plate 2), by
Reinhardt, Christopher, and Owens (1980), reveals that sediments of Cretaceous
pollen zone I contain a massive lower interval of thickly bedded coarse sands
and associated clay-clast conglomerates. This lower interval of pollen zone I
sediments {s herein identified in the hydrogeologic framework of the Virginia
Coastal Plain as the lower Potomac aquifer., Typically, the sands of this
series are composed of medium to very coarse subangular quartz, with abundant
weathered potassium feldspar and some plagioclase. Reinhardt, Christopher,
and Owens (1980) also note that th¢ well-bedded clays of this lower interval

are typically mixed-layer 11lite/smectite, whereas the interstitial and lami-
nated clays are predominantly kaolinitic.

Few wells drilled in the study area penetrate the lower Potomac aquifer (plate
15). Generally, only deep stratigraphic test wells and high-capacity produc-~
tion wells provide data required to correlate this aquifer. The lower Potomac
aquifer is capable of producing large quantities of water, but enerall{ lie
too deep for all but large industrial applications. The overlying middle and
upper Potomac aquifers supply much of the water used for smaller industrial,
municipal, and domestic purposes. 1In addition, this aquifer contains
increasingly higher chloride concentrations in the downdip direction, which
further restricts its usage as a potadle source of water.

Typical electric-resistivity log patterns of the lower Potomac aquifer sedi-

. ments are best illustrated in geophysical logs of wells 54P3, plate 4; 55H1,

plates 7 and 8; 58F3, plate 8; 54G10, plates 7 and 8; 58A2, plates 9 and 14;
and 53A3, plate 13, Generally, these resistivity patterns are charac-
teristically “blocky" in profile, indicating massively bedded sequences with
relatively sharp 1ithologic contacts among sands, clayey sands, and clays.
Very few patterns of gradational, fining-upwards sequences are observed on
resistivity logs of the lower Potomac aquifer, However, where these patterns
occur, they are usually restricted to the uppermost part of the sand beds.
Resistivity logs also characteristically show low resistance values for the
sandy sediments., The low resistance values are probably caused by the high

a | 100298



percentage of interstitial clays commonly found in the aquifer sands, or by
the higher chloride concentrations generally associated with the eastern hailf
of this aquifer unit. Corresponding natural-gamma loy patterns commonly
reflect a high interstitial clay content also characteristic of the aquifer
sands. Drillers commonly refer to the lower Potomac aquifer sediments as
“coarse gray sands* that may contain “gravels," and “light to drab-colored
clays.” Most of the larger gravels encountered in the drilling.process are
too heavy to be brought to the surface by the drilling fluid and-2re pushed
away from the borehole by the drill bit, Drillers also commonly describe the
sands as "hard" or "tough” and the clays as "tight™ or "hard.” Either of these
. conditions result in noticeably increased drilling resistance and drilling
time. Commonly, the drflled clays reach the surface as small, dngular pieces.

The lithologic heterogenity and discontinuous nature of the sediments in this
unit makes correlation of individual sand and clay bodies extremely difficult,
even over relatively short distances., The contour map delineating the top of
this aquifer unit (plate 15) is based on the tops of the uppermost sands in
the unit, Because of the sparse data base available and the large distances
between control wells, this map should only de used as a guide to indicate the
approximate altitude at any specific site. Also, the uppermost part of this
aquifer, as it 1s presently delineated, may include sediments of younger age.
As more definitive data becomes available, especially from pollen analysis and
water-level information, structure contours that depict the top of the lower
Potomac aquifer can be refined accordingly.

Numerous studies (Glaser, 1969; Hansen, 1969; Reinhardt, Christopher, and
Owens, 1980; Hansen, 1982) of the lower Potomac sediments (pre-Zone I to
middle Zone I} postulate that the paleoenvironment consisted of a subaerial
high-gradient fluvial flood plain dominated by braided streams. Their
interpretations are based on the predominance of coarse materials, the general
lack of sorting, and overall bedding characteristics. Reinhardt, Christopher,
and Owens (1980) observed glauconite and i1litic clays in the lower Potomac
sediments of the Dak Grove core {well 54P3). From this, they suggested that
deposition occurred in a broad alluvial plain that was occasionally inundated
by marine seas. The presence of glauconite was also observed by Anderson and
others (1948) among alluvial sediments in cores from the lower Patuxent

. Formation at two deep oil test wells, the Hammond and J. D. Bethards, located
in eastern Maryland, and a similar hypothesis was suggested. When viewed as 2
whole, sediments of the lower Potomac aquifer appear to represent the
development of a continental delta (Reinhardt, Christopher, and Owens, 1980).

Lower Potomac Confining Bed

The lower Potomac confining bed is defined by the major clayey strata directly
above the lower Potomac aquifer. These clay beds are predominantly restricted
to upper palynostratigraphic zone I, but may also include younger sediments
(basal pollen zone II?. For the most part, this confining bed is middle Early
Cretaceous (late Aptian to early Albfan) in age, The lower Potomac confining
bed correlates with confining bed 1 of Maryland and with the confining bed
overlying the Lower Cretaceous aguifer of North Carolina (ptate 1), This con-
fining bed crops out in the northwestern part of the study area between the
Fall Line and the Potomac River just east of the outcropping lower Potomac
aquifer, and in the major stream valleys just east of the Fall Line (plate
15). 1t overlies and transgresses the lower Potomac aquifer throughout the
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study area, except where the aquifer crops out and is overlain by the middle
Potomac aquifer. It attains a maximum known thickness of 173 ft (well 65M1)
in the northeastern part of the study area and thins to a featheredge along
its western 1imit near the Fall Line. The lower Potomac confining bed is
usually the thickest bedded clay or, interbedded clay and sandy clay sequence, .
of pollen zone I sediments, Most of this sequence of clayey sediments corre-
lates with the Arundel Clay of Maryland, although the Arundel Clay is not
generally recognized as a continuous unit in the subsurface, From outcrops in
Maryland, Clark and Bibbins (1897, p. 485) originally identified and defined
the Arundel Clay as a series of large and small lenses of drab colored, tough
clays, that are commonly highly carbonaceous and ferruginous. Analysis of the
Creticeous section in the Oak Grove core (well S54P3) by Reinhardt,
Christopher, and Owens (1980), and Estabrook and Reinhardt (1980) provides the
most definitive 1ithologic data for the lower Potomac confining bed. These
studies identify and describe an upper interval of pollen zone I sediments as
a massive clay-dominated {nterval composed of thick sequences of finely-
laminated, carbonaceous clays interbedded with thin sandy clay beds. This
upper interval of pollen zone I sediments is herein identified as the lower
Potomac confining bed in the hydrogeologic framework described in this report.
Typically, the thickly-bedded clays and sandy clays of this intervs] are
mixed-Tayer {llite/smectite that also contain a high percentage of expandable
clays; while the laminated carbonaceous clays are predominantly kaolinitic
{Reinhardt, Christopher and Owens, 1980; Estabrook and Reinhardt, 1980).

As with the underlying lower Potomac aquifer, few wells drilled in the study
area penetrate the lower Potomac confining bed. Generally, only datz from
deep stratigraphic test wells and high-capacity production wells can be used
to correlate this unit, ' -

Clay beds comprising the lower Potomac confining bed are not 2 continuous,

and areally extensive layer, Instead, these clays are a series of
interlensing clayey deposits. Water-level measurements from observation wells
indicate that these deposits act locally as confining beds and when viewed
collectively, represent a single confining unit, as shown by the thickness map
of the lower Potomac confining bed (plate 16). In some areas, such as in the
western and central regions, the confining bed is relatively thin, ranging
from 15 to 30 ft in thickness; in other areas, such as in the northern region,
it attains a thickness of more than 200 ft.

Typical electric-resistivity 1og patterns of the lower Potomac confining bed
sediments are best {llustrated in geophysical logs of wells 5IRS, plate 4;
53P4, plates 4 and 5; 54P3, plate 4; 52N16, plate 5; 57J3, plate 7; 58F3,
glate 8, 54G10, plates 6 and 8; 5303, plate 10; 55C12, plates 10 and 11; and
8AZ, pfates 10, 11 and 14, Generally, these resistivity patterns are .
"blocky" in profile, indicating relatively sharp lithologic contacts between
the thickly-bedded confininy clays with the overlying and underlying aquifer
sands. Corresponding natural-gamma loy patterns reflect the massively-bedded
nature of these clays; few interbedded sands are present. Drillers often
refer to the lower Potomac confining bed clays as “hard" or “tough” and as
"gray, red, or brown clay.” Like the underlying interbedded clays of the lower
Potomac aquifer, drillers commonly observe an increase in drilling time and
resistance when penetrating these sediments, and the resulting cuttings are
commonly small, angular pieces, Also, the underlying interbedded clays of the
lower Potomac aquifer usually contain significantly more interbedded sands and
sandy clays than are present at this horizon,
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Studies (Brenner, 1963\ Glaser, 1969; Hansen 1969, 1982; Reinhardt,
Christopher, and Owens, 1980) of correlative strata to the lower Potomac con-
fining bed suggest a change in the-paleoenvironment from that of the lower
Potomac aquifer. These studies indicate that the depositional environment and
drainage patterns changed from a high-gradient to a lower-gradient, fluvial
flood plain, based on the predominance of finer grained clayey materials and
their associated bedding characteristics. These studies also suggest that the
resulting paleoenvironment consisted of quiet, shallow, discontinuous
backswamp basins with little sediment input.

Middle Potomac Aquifer

The middle Potomac aquifer, by definition, consists of sandy palynostra-
tigraphtc zone Il sediments of the Potomac Formation. These sediments are
late Early Cretaceous (middle to late Albfan) in age and correlate with
Patapsco sediments of the Raritan-Patapsco aquifer in Maryland and the lower
Cape Fear agquifer of North Carolina (plate 1). The middle Potomac aquifer is
the second lowest and thickest confined aquifer in the hydrogeologic
framework. This aquifer crops out just east of the lower Potomac confining
bed in the northwestern region of the study area and in a small area along the
James and Appomattox Rivers near the Fall Line (plate 17). It overlies the
lower Potomac confining bed and is overlain by the middle Potomac confining
bed, The middle Potomac aquifer attains a maximum known thickness af 929 ft
(well 66M1) in the northeastern part of the study area and thins to a
featheredge along its western 1imit near the Fall Line. 1t dips eastward at
approximately 15 ft per mile in the western half of the study area and at 25
ft per mile in the eastern half. The middle Potomac aquifer consists of
interlensing medium sands, silits, and clays of differing thickness. This
aquifer is equivalent to the Patapsco Formation in Maryland as defined by
Brenner (1963). '

From outcrops in Maryland, Glaser (1968, p.8) describes the Patapsco Formation
as a thick sequence of interbedded variegated sflty clay and fine to medfum,
gray to yellow sand. Glaser (1968) also reports that the clay lenses are
typically thick, internally massive, and brightly mottied in red, yellow,
gray, and purple, whereas the sands, occasionally with gravels, are similar to
those in the Patuxent Formation, although they tend to be finer grained, more
uniform, and more argillaceous. Berry (in Clark and Miller, 1912, p. 67)
describes “Patapsco” sediments in Viryinia much the same as Glaser describes
them in Maryland, although Berry notes that the outcropping Virginia deposits
are generally much more evenly colored than those in Maryland, Analysis of
the Oak Grove core (well 54P3, plate 2) by Reinhardt, Christopher, and Owens
{1980, p. 41) reveals that sediments of Cretaceous pollen zone II contain a
lower sand-dominated interval characterized by distinct fining-upwards sand
sequences interbedded with laminated or massive clays. This lower interval of
pollen zone 11 strata is herein identified in the hydrogeologic framework of
the Virginia Coastal Plain as the middle Potomac aquifer., Typically, the
sands of these fining-upwards sequences are composed of coarse to fine, angu-

lar to subangular quartz, and some plagioclase. These sands are also commonly

micaceous and contain abundant heavy minerals., Reinhardt, Christopher, and
Owens (1980) also note that the laminated and massive clays of this sequence
are composed of mixed kaolinite and highly expandable illite/smectite.

More wells drilled in the study area penetrate this agquifer (plate 17) than
the underlying lower Potomac aquifer, Generally, most industrial and municipal

¢
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wells throughout the western half qf the study area use this aquifer, someti-
mes in combination with the underlying or overlying Potomac aquifers. This
aquifer is capable of producing large quantities of high quality water in the
western half of the study area, but, like the underlying lower Potomac
aquifer, it contains increasingly higher chloride concentrations in the down-
dip direction, which restricts its use as a source of potable water. In addi-
tion, the middle Potomac aquifer generally lies too deep for all but large
industrial users in the eastern half of the study area,

Typical electric-resistivity log patterns of the middle Potomac aquifer sedi-
ments are. best illustrated in geophysical logs of wells 53Q9, 53P4, and 54P3,
plate 3; 52N16, 53P8, 53P4, 54Q11, and 54R3, plate 4; 52J5, plate 5; 52K6,
544, 55H1, and 58f3, glate 7; 54G10, S57€10, and 60C7, plate 8; 5303, plate 9;
and 53A3, 588115, and 59C28, plate 12, Generally, these resistivity log pat-
terns are both "triangular" and “"saw-toothed" in profile. The "triangular®
profiles indicate the fining-upwards sequences characteristically associated
with the aquifer sands. The "saw-toothed" profiles indicate the extensively
interbedded sequences of sands, silts, and clays also characteristic of these
sediments. These electric-resistivity patterns are also both massive and
narrow in profile and the sands usually contain sharp, lower 1ithologic con-
tacts. Resistivity logs of the middle Potomac aquifer also characteristically
show high resistance values for the sandy sediments that helps distinguish
this aquifer from the underlying lower Potomac aquifer, The high resistance
values are indicative of the relatively "clean" sands common to this aquifer
and the relatively low concentrations of dissolved solids common of the water
from this unit. Corresponding natural-gamma logs show pronounced
"saw-toothed" clay and sand patterns with sharp lower and gradational upper
1ithologic contacts. The clay patterns of natural-gamma logs of the middle
Potomac aquifer are more distinct than the sand patterns, indicating the well-
bedded and massive nature of the clays. Orillers commoniy refer to the middle
Potomac agquifer sediments as “"medium or coarse gray sands" with “red, brown,
or multicolored clays.” Orillers also commonly refer to the sands as "water
sands" or “artesian sands.” Generally, these sediments drill easily and the
clays reach the surface as small, cohesive clay balis. The {individual sand
and clay beds of the middie Potomac aquifer, like the underlying lower Potomac
aquifer, are also difficult to correlate between geophysical logs. The con-
tour map delineating the top of this aquifer (plate 17{ is based on the tops
of the uppermost sand beds. This map should only be used as a guide to indi-
cate the approximate altitude to the top of this aquifer between control wells
because of the interlensing nature of these sediments, the large distances
between control points in some areas, and the general lack of data in the
eastern half of the study area,

Studies (Glaser, 1969; Mansen, 1969; Reinhardt, Christopher, and Owens, 1980)
of Potomac strata herein defined as the middle Potomac aquifer and the corre-
lative Patapsco strata in Maryland suggest that the paleoenvironment consisted
of a low gradient, subaerial, fluvial flood plain dominated by meandering
streams, These deposits, which represent multiple fluvial processes, are
dominated by channel sands, point bars, levees, flood plains, and backswamps,
Reinhardt, Christopher, and Owens (1980, p. 41) note that no glauconite was
observed in the cored sediments of the middle Potomac aquifer strata in the
Oak Grove core and suggest that these deposits represent a more landward sedi-
mentary assemblage than do the sediments of the underlying lower Potomac
aquifer strata (p, 48), They also note (p. 47) that these deposits are
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distinctly continental in origin and together with thqﬁunder1 ing
lower Potomac aquifer sediments, appear to represent.the development of a con-
tinental delta. ép%?h

Middle Potomac Confining Bed

The middle Potomac confining bed is defined by the major clayey strata
directly above the middie Potomac aquifer. These clay beds are predominantly
restricted to upper palynostratigraphic zone II, but may alsc consist of °
younger sediments (basa) zone IIl), especially in the eastern half of the
study area. The middle Potomac confining bed correlates with the -western half
of confining bed 2 of Maryland and with the confining bed that overlies the
lower Cape Fear aquifer of North Carolina (plate 1). This confining bed crops
out in the northwestern part of the study area between the middie Potomac
aguifer and the Potomac River, and in the stream valleys of the Rappahannock,
Pamunkey, James, and Appomattox Rivers just east of the outcropping middle
Potomac aquifer (plate 18). It overlies the middle Potomac aquifer and 1is
overlain by the upper Potomac aquifer, except in the western part of the study
area where it is transgressed by the Aquia aquifer. This confining bed
attains a2 maximum known thickness of 203 ft at well 66M1 (plate 2) in the
northeastern part of the Eastern Shore Peninsula and thins to nearly zero
thickness along its western 1imit near the Fall Line (plate 18). Its
thickness is highly variable, but the middle Potomac confining bed 1s commonly
the thickest-bedded clay or interbedded clay and sandy clay sequence of pollen
zone 1] sediments.

Definitive lithologic data are obtained from analysis of the Cretaceous section
in the Oak Grove core (well 54P3) by Reinhardt, Christopher, and Owens (1980),
and Estabrook and Reinhardt (1980). Reinhardt, Christopher, and Owens (1980,
p. 41) identify and describe an upper interval of pollen zone Il sediments as

a clay-dominated sequence characterized by highly sheared and locally mottied
montmorillonitic red clay. This upper interval of pollen zone II sediments in
the Qak Grove core (well 54P3) 1is herein identified as the middle Potomac con-

~fining bed in the hydrogeologic framework of the Coastal Plain of Virginia,

Typically, the clays of this confining bed are massive to thick bedded, but

are also finely laminated in places. These clays are similar in composition .
to the clays of the lower Potomac confinin? bed in that they consist primarily
of mixed kaolinite and highly expandable {l11ite/smectite (Reinhardt,
Christopher, and Owens, 1980, p. 41), The laminated clays are silty, sandy,
micaceous, and highly carbonaceous, whereas the massive clays are mottled,
highly oxidized, and highly fractured. The middle Potomac confining bed is
commonly characterized by a thick sequence of brightly-colored, variegated,
plastic cla¥s. These variegated clays are used to identify this confining bed
on drillers’ logs.

Numerous water wells drilled in the western and central regions of the study
area penetrate this confining bed. In areas where the upper Potomac aquifer
overlies this unit, drillers commonly cease drilling upon reaching this thick
variegated clay horizon. The clays identified as the middle Potomac confining
bed are not a single, continuous and areally extensive layer, but rather, are
a series of interfingering deposits. Water-level data indicate that these
clays act locally as confining beds and, when viewed collectively, constitute
a single confinement, as shown by the thickness map of the middle Potomac con-
fining bed {plate 18).
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Typical electric-resistivity log patterns of the middle Potomac confining bed
sediments are best 1llustrated in geophysical logs of wells SIRS, 54P3, 56N7,
plate 3; 52N16, 54R3, plate 4; 52K6, 5444, 54H11, 55H1, plate 7; 5303, 5402,
55C8, plate 9; and 52A1, 53A3, 54A3, 55A1, 5689, plate 12, Generally, these
resistivity patterns are “blocky” in profile, indicating thickly bedded clays
in relatively sharp 1ithologic contact with the aquifer sands above and in
gradational 1ithologic contact with the aquifer sands below. The lithologies
indicated by the resistivity patterns range from massive clays, as in wells
54P3, plate 3, and 56N7, plate 5, to thick clays interbedded with thin sands
and sandy clays, as in well 55A1, plate 10, Corresponding matural-gamma log
patterns also commonly indicate massively-bedded clays with few interbedded
sands or sandy clays, Drillers commonly refer to the middle Potomac confining
bed clays as “slick or sticky” and as "multicolored or mixed colored clays.”
These multicolored clays, which are commonly red, purple, gray, brown, olive,
and yellow, are also referred to as mottled clays.

Studies on the palecenvironment of the Potomac strata suggest that deposition
of the middle Potomac confining bed occurred on broad, low-gradient, fluvial
deltaic plains containing extensive flood plains and swampy interfluves
(Glaser, 1969, p. 73). Refnnhardt, Christopher, and Owens {1980, p. 47) note
that this clay-dominated upper pollen zone Il interval is a product of over-
bank deposition that was modified by weathering and diagenesis, and that these
backswamp and flood basin deposits are distinctly continental ia origin.

Upper Potomac Aquifer

The upper Potomac aquifer, by definition, consists of sandy palynostra-
tigraphic zone Ill and zone IV sediments of the Potomac Formation. These sedi-
ments are early Late Cretaceous (Cenomanian) in age and correlate with the
Raritan sediments of the Raritan-Patapsco aquifer in Maryland and the upper
Cape Fear aquifer in North Carolina (plate 1). This aquifer is restricted to

.the subsurface; it overiies most of the middle Potomac confining bed and s

overlain by the upper Potomac confining bed. The upper Potomac aquifer dips
eastward at approximately 15 ft per mile, attains a maximum known thickness of
425 ft at well 66M1 in the northeastern part of the study arez, and pinches

. out along its western subsurface limit throughout the west-central part of the

study area. The upper Potomac aquifer, like the other underiying Potomac
aquifers, is a multizone unit consisting of stratified sands and clays.

The presence of lower Upper Cretaceous sediments at the top of the Potomac
Formation in the study area has been alluded to by many investigators
(Cederstrom, 1945, 1957; Spangler and Peterson, 1950; Dorf, 1952; Richards,
1967), but the actual presence of these sediments in Virginia was not verified
until the use of pollen analysis as a stratigraphic indicator, Palyno-
stratigraphic analyses by Robbins, -Perry, and Doyle (1975), Doyle and Robbins
(1977), and L. A. Sirkin (Adelphi University, written commun,, 1982, 1983)

. have indicated the presence of pollen zones 11l and IV as the top of the

Potomac Formation throughout the eastern half of the study area. These sedi-
ments are correlatable with the Raritan Formation of New Jersey and comprise
the uppermost aquifer of the Potomac Formation in the study area,

The sands ‘of the upper Potomac aquifer, as described from drillers' loys, are
characteristically white, micaceous, very fine to medium quartz, and commonly
contain carbonaceous material, Gravel is uncommon, and very coarse sand is
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rare, ngﬁﬂﬁserbedded clays of this aquifer, as described from drillers'
logs, are dharacteristically dark, silty, highly micaceous, and commonly con-
tain carbonaceous material, Little data are available that describe the
Tithologic characteristics of the upper Potomac aquifer in the study area;
only one set of core samples from this unit has ever been analyzed., These
core samples were obtained as part of the “Artificial Recharge® project con-
-ducted by the Geological Survey in cooperation with the city of Korfolk at the
Moore's Bridge Water Treatment facility, and are represented by well 61C1 on
plate 2, Brown and Silvey (1977, p. 4) report that this unit consists of
moderately sorted, angular to subangular, micaceous, fine to medium quartz
sands that contain wood fragments and minor interstitial glays. Typical on-
site core descriptions {D. L. Brown, U.5. Geological Survey, written commun.
1971) of the sandy intervals indicate that they are light yellow to greenish
gray, clayey to “clean,” micaceous, slightly calcareous, poor to well sorted,
subangular to subrounded, and very fine to medium grained. Similarly, the
interbedded silty-clay intervals are described as yellow green to dark
greenish gray, glauconftic, calcareous, micaceous, plastic, locally sandy, and
containing shell fragments. More wells drilled in the study area penetrate
the upper Potomac aquifer (plate 19) than the underlying middlie and lower
Potomac aquifers. Generally, most 1ight industrial and municipal ground-water
users. throughout the central part of the study area use this 2aquifer. This
aquifer is capable of producing large quantities of generally good quality
water suitable for most uses, but like the underlying Potomac aquifers, this
aquifer contains water having high chloride concentrations that increase down-
dip, thus precluding the use of the aquifer as a potable source of water.

Typical electric-resistivity log patterns of the upper Potomac aquifer sedi-
ments are best illustrated in geophysical logs of wells 58J11, 58J5, plate 6;
57G25, 57F2, plate 7; S56F42, 57€10, 5809, 60C7, plate 8; 5505, 55E3, plate 10;
588115, 58C51, plate 11; and 54A3, 55A1, 59C28, 60C25, plate 12, Generally,
these resistivity patterns are very similar to the resistivity patterns of the
underlying middle Potomac aquifer, but they are characteristically more massive
and rounded in profile and are more easily correlated among logs. Also, the
characteristic massively-bedded sand sequences are commonly separated b
thinner interbedded clays, as shown by the logs of well 59C28 (plate 12{.
Corresponding natural-gamma logs commonly indicate the presence of interbedded
sands and clays.

Drillers commonly refer to the upper Potomac aquifer sediments as "fine, white
micaceous sands" and "dark micaceous clays,” that commonly contain “wood
fragments." Drillers also note that these sediments are penetrated eastly.

On drillers' Jogs, sediment descriptions.of the upper Potomac aquifer are
noticeably absent of the "variegated clay” and "red, brown and yellow clay"“
descriptions commonly used to describe the underlying Potomac clays.

The contour map delineating the top of the upper Potomac aquifer {plate 19) is
based on the tops of the uppermost sand bodies identified at the control
wells, Therefore, this map should only be used as a guide to indicate the
approximate altitude of the top of this aquifer between control wells because
of the interlensing nature of these sediments, the large distances between
contro) points in some areas, and the general lack of data in the northern and
eastern sections of the study area.

Sediments of the upper Potomac aquifer Eepresent the effects of the first
Tf{f?“mistﬂe transgression that inundated the study area. As the seas
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progressively encroached onto the delta complex, deposition occurred in ever-
widening estuaries and intertidal basins., Brown and Silvey (1977 QRiGINAY
postulate that, based on grain size, deposition of the lower Upper (Crétaceous
sediments at well 61C1 (Moore's Bridge Water Treatment facility) took place in
a littoral environment, possibly a tidal flat, with a semiprotected shoreline.
Other studies of equivalent sediments in Maryland (Glaser, 1969; Hansen, 1969)
note the absence of typical marine transgressive strandline features, such as
barrier beach and dune sediments, and suggest that deposition occurred in a
marginal marine outer-delta environment with a vegetated, swampy shoreline.

Upper Potomac Confining Bed

The upper Potomac confining bed is defined by the major clayey strata directly
above the upper Potomac aquifer, These clay beds are predominantly restricted
to upper palynostratigraphic zone IV, but also include clay beds of paly-
nostratigraphic zone III in the west-central parts of the study area and undif-
ferentiated clays of latest Cretaceous age in the eastern regions of the study
area., The upper Potomac confining bed correlates with part of confining bed 2
(that which overlies the Raritan aquifer strata of the Raritan-Patapsco
aquifer) in Maryland and the confining bed that overiies the upper Cape Fear
aquifer in North Carolina (plate 1). This confining bed is restricted to the
subsurface; it overlies the upper Potomac aquifer and is overlain by the
Brightseat aquifer in the north-central and northeastern regions of the study
area, and by the Aquia aquifer throughout the remainder of its extent {plate
20). 1t attains a maximum known thickness of 126 ft at well 66M1 in the
northeastern part of the study area and pinches out alang its western subsur-
face 1imit in the west-central part of the study area, The thickness of this
confining bed is variable, but generally it thickens and dips to the

northeast.

As in the case for the underlying u?per Potomac aquifer, detailed lithologic
data is available to the authors only from core samples obtained at well.b61(l
Jocated at the City of Norfolk during the “Artificial Recharge" project.

The core information indicates (Brown and Silvey, 1977, p. 7) that the con-
fining bed clays consist of highly expandable silty-clay to clayey-silt mixed~
layer i11ite and montmorillonite, and minor amounts of kaolinite, Onsite core
descriptions (D. L. Brown, U.S. Geological Survey, written commun., 1971)
describe this confining bed as a dark greenish-gray, micaceous, cafcareous.

slightly glauconitic and sandy, silty clay.

Numerous water wells drilled throughout the central and east-central regions of
the study area penetrate and provide information on this confining bed. The
clay beds identified as the upper Potomac confining bed are not a single,
areally extensive layer, but rather, a series of interlayered clayey deposits.
These individual clay layers are more extensive.than the clayey deposits of

the ynderlying middle and lower Potomac confining beds and, therefore, are more
easily correlated between wells., Water-level data indicate that {ndividual
clay units act locally as confining beds and when viewed collectively, they
constitute a single confining bed as depicted by the thickness map of the

upper Potomac confining bed ?plate 20).

Typical elettric resistivity log patterns of the upper Potomac confining bed
sediments are best illustrated in geophysical logs o¢f wells 58J11, 58J5, plate
6; 57G22, 57G25, plate 7; S7Al, plate 9; and 60Bl, plate 13, Generally, these
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resistivitj3$gbs show broad U-shaped profiles that commonly contain numerous
thin, interbedded sequences of sands and sandy clays. These thin interbedded
sequences of sands and sandy clays produce an erratic appearance to resisti-
vity logs of the thick clay deposits of the upper Potomac confining bed.
Drillers commonly refer to the upper Potomac confining bed sediments as “dark
micaceoys clays” or “"dark sandy clays,” that may contain “shells” or *wood.“

Like the underlying sediments of the upper Potomac aquifer, these confining
beds also result from the first major marine transgression in the sedimentary
section, The depositional environment was similar to that of the upper
Pogomac aquifer, but was a lower-energy regime in a broad, low-lying outer
delta. . |

Uppermost Cretaceouys Sediments Undifferentiated

Marine deposits of latest Cretaceous age represent the next distinctive group
of sediments in the sedimentary section. These deposits are sparsely pre-
sented in the eastern part of the study area., Uppermost Cretaceous sediments
typically form relatively thin veneers of glauconitic clays, sandy clays, and
chalky marls. The sediments attain a maximum known thickness of /0 ft at

well 66M1: in the northeastern part of the study area and approximately 50 ft
at well 61C1 in the southeastern part. These sediments are included as part
of the upper Potomac confining-bed sequence and are not further differentiated
in this report because of their restricted areal extent and their predomi-
nantly clayey composition.

After the region-wide Turonian. erosional period, marine seas extensively
covered the downwarped Coastal Plain areas of Maryland and North Carolina,
depositing thick, extensive Upper Cretaceous marine sediments in the struc-
tural lows of the Salisbury and Albemarle embayments, Based on lithologic and
paleontologic evidence, it appears that most of the Virginia Coastal Plain was
etevated, in relatfon to sea gevel, throughouyt this time. Hansen (1978} pro-
poses basement faulting along the southern limb of the Salisbury embayment as
the mechanism responsible for the truncation or nondeposition of the uppermost
Cretaceous deposits in the north-central and northwestern parts of the study
area, )

Cederstrom (1945a) suggests a Late Cretaceous age for deposits in the
southeastern part of the study area based on paleontological analysis of well
cuttings., These sediments are reported to range from 10 to 100 ft thick and
consist predominantly of clays and sandy clays. From correlation of geophysi-
cal logs and recent stratigraphic data, the authors determined that the
thickness is 10 to 30 ft in southeastern Virginia. Brown and others (1972)
also found the uppermost Cretaceous deposits in the southernmost part of the

- study area and, like Cederstrom, determined that the deposits are thin, predo-~
minantly clayey sediments, interbedded with a few thin sands. The Norfolk
arch. is undoubtedly the predominant controlling influence for the northern
1imit of these Upper Cretaceous deposits in southeastern Virginia.

Paleocene and Eocene Pamunkey Group

Marine deposits of Paleocene and Eocene age constitute the lower Tertiary
(Paleogene) stratigraphic section known as the Pamunkey Group. From oldest to
youngest, six formations consisting of the Brightseat, Aquia, Marlboro Clay,
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SYDNOR HYDRODYNAMICS, INC. 0

" WELL TEST INFORMATION SHEET by
CUSTOMER: FORT DARLING - OATE STARTED:__!1/30/76
| NATIONAL PARK SERVICE DATE COMPLETED:_11/30/76
COCATION: CHESTERFIELD €O., VIRGINIA WELL TEST NO.: !

JOB NUMBER:__ 143763-7

JWELL DESCRIPTION: Sand or Screened Well (XX Rock Well ( )

Total Depth 205 Ft S{ze 110 ¢4 184 and__ﬁ_: to_
Casing Depth__9-30 Ft. Screen §0-105

RSAAt T 2 3 | s
Construction: Domestic ( ) Class 11-8B (xx) 11-A ( ) 1 (
Static Water Level 32'6"' Ft. Messured 11/30/76 _.D
Description of Formations: yellow, gray, .green and white .clw ———

gravel, sand and rock mixed "

TEST PUMP;  Turbine ( ) ~ Sumo (xxd Piston ( ) Afr ( ) Bafler (
Pump Intake__39___ _Ft. Below Ground; Air l,ingilPe_g_tPtc. Below Gro

t Size Pump Discharg'e.__.‘_Ft. Metering Devi;e 5/8'" water meter
Description of Pump l/} H.P. with 1" pipe and driven with 220 generator

TEST DATA: Static Level Before Installing Pump  32'8" Fe.
: : electric

Afr Line_tape PSI Before Starting Pump; Time of Measurement.8:4S

Time Test Pump Started__ 7:00 #.m. : T{me Test Pump Stopped__3:0¢
Total Hours Pumped_8 _ Final Capacity—_3_GPM @ 59'6 1/2" ¢
Static Level Ft., 329" rFe.,_! Hr.20 Min., After Pump Stoppe

| INSTRUCTIONS; For the first hour of pumping, take readings at least ever

5 minutes and thereafter at least every 15 minutes. Obtain two 1

gallon representative samples of water near the end of the test.

If possible, measure recovery for time equal to 1/3 length of the
. test. Sample to FE R 12/1/76
' . 100316
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PRSI,

Top Soll - °
Yellow Clay Bl
GI’CVGI T llf".;ln-".}‘
Gravel, whfte and Gray Clay Mixed LEN -
Rock ond Gravel Mixed -
Yetlow, Gray, White Clay and Gravel Hlxed -
* Some Gray Sand and Gravel with Streaks of Cldy
' Green and Gray Clay with Streaks of Gravel S
Crown, Green, White, Sandy Clay with Grave! / :
.Coarse Grave! with White, Gray and Pink Clay R N
Red, Gray and White Clay wlth Gravel and Rock Stresks CUIT
whlte Clay and Gravel . o
Gray and White Clay—— . _
. Rock and Gravel ' - e e e :
Gray Clay _-- - | .
Rock . ' A
Red and Gray Clay with Rock Mixed S L -
Gray Clay with Some Red Clay S Egonen
Streaks of Rock and Gray Clay c -
Red and Gray Gnnlte ") -
Red Granite . v
‘. o '_ .
.
. : \
4y .
. .
. 7 )
. i
|4 )
o !
1BE
F;. .
b 100317
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TYPE OF ROC

2 SOIL PENETRATED
l (gravel, clay, elc; hordaess, eoler, cte.)

novvKs

q { woter, coving, shot, screen, yam;




P. 0. Box 11443, 2111 North Hamilton Street
,e Richmond, Virginia 23230
Phone (B804) 770-1411 (E)

WATER WELL COMPLETION REPORT

ERAMIT NUMBER V10 {Certification of Completion) DATE REC'D 3

- BWCHM WELL NO. n-12 {For use In #81) groundwater areas) TRUEK TAG NT. W70
- LOCATION (Card 1) . OWNER (Card 2)

COUNTY: , Chesterflield NAME: Richmond National Battlefield "

' , | STREET: 3215 E. Broad street "

WELL IS LOCATED APPROX. 990 feec/XXX¥s | CITY: “Rychmond y

East (direction) of 195 and STATE: Va. ZI1P: 23223
2500 feet/HXKXs North{direction] of R NS T T

Kt. 650 . . . DRILLER (Card 3)
WELL 1S NEWLY CONSTRUCTED v/ 36 OR IS AN | NAME: Earl Seay, Jr, "
ALTERATION, REHABILITATION, OR EXTENSION STREETT 2111 Magnolias St. .
OF AN EXISTING WELL 27 . NUMBER OF | CITY: Richmond [
CERT!IFICATE OF GROUNDWATER ‘RIGHT OF EXIST- | STATE:Va. Pt
ING WELL, IF APPLICABLE. . . | Lz BLCEL
. 3=37 .. | LONTRACTOR (Card &)
FOR OFFICE USE: SIGNATURE: -
: : , NAME (type): Sydnor Hydrodynmics, Ihc, ° ¥
VA. PLANE COORDINATES: N E STREET: p.0. Box 27166 a
. 38-43 T aatio C17Y: Richmond 8
TOPOGRAPHIC MAP NUMBER: STATE: Va, Z21P: 23261
. ’ 333 5% B (T [ e L §
EASIC DATA (card 5) ) . Ny
T : 10/27/76 _ DATE COMPLETED: _ 11/19/76 PTH : 20
DATE STARTED 10/27/7 L /' ?9_4;; DEPTH DRILLED n.s‘

DEPTH OF COMPLETED WELL: 205
’ =30

YIELD TEST submersible thod; Drawdown 27' feet; Yield ~ 3 gpm; Ouration 8 hours.

STATIC WATER LEVEL: 32'6" feet below land surface.
e {1 ‘

435 pump Tma 4 L+ T Elect

WAS THE WELL LOGGED? Yes‘éﬂb;‘ if Yes, BY WHOM? Sydnor-USGS . TYPE OF LOG(S): .
’ 44-35 T ' * 38

WAS THE WATER. ANALYZED? W% /No; 1f Yes, BY. WHOM? . TYPE OF RIG:Rotary
" =T 3 K1ZiN

- WELL TO SUPPLY: MmxRASXXHXMUNXXANEAXXAKR lN!IXXXh!?}l!l!lllm!,!’)llxmi /0ther Park

(circle which) 72 73 R » v B

WERE WELL DRILLINGS SAVED? Yes/t6 {Well cuttings should be collected at 10-foot Inter-
vals and shipped express col1ddt to this office in a shipping container. Sampla bags
are furnished free of charge upon request).

PUMP DATA (Card &) CONSTRUCTION DATA (Card 7)
BRAND NAME: 30 | HOLE SI1ZE; 12_inches from O to 18U feet,,
TYPE: atas - s & _inches from T80 to 205 fect,
MODEL NUMBER: 4440 3193l Nches from ___to _feer,
RATED CAPACITY: - gom at ‘ . .
e feet of head. CASE SIZE: € Inches from+6''to 90 feet,
DEPTH OF INTAKE: __ wn | tres B _inches from [05to [EW feet
RATED HORSEPOWER: ri-ra siea—lnches from ___to __ feet,
GROUTING? Yes/tit; from surface to
n 55 feet,
b ;ory
b S LW ] - o " e i
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s 1
DOES THE WELL HAVE SCREENS? Yes/X®; OR

DOES THE WELL HAVE SLOTTED OR PERFORATED PIPE? Yes/No f}'Uth

’ ;. " LOCATION OF SCREENS: Give the diameter and depth of al) screens or sections of sl
B L or perforated pipe, _

| R inches from g _to 105 feet ' lnches from to feet

& . Be , %Fﬁ' WIT - : v vy

- . ._Inches from to feet inches from to feet

' e TaF T y - I -3 3v-e3

i
g

3

. . lnches from to feet inches from. to faet
W 71 T IR T3 o : :
QUALITY DATA (Card 3) :

DID ANY STRATUM CONTAIN WATER WHICH WAS UNUSUABLE? xg%{Nog TYPE OF WATER

]
g

[ T R

H
;\,/
‘ ~ B}
] | - DEPTH OF STRATUM: from 90 to 105feet; from _  to __ feet. WATER TEMPERATURE:
1 ‘ S BW Ww R T -
If a permit was not issued for this well and a USCS topographic map is not availab
] .. awritten description and sketch map of well location will suffice.
N

. > BRILLER'S L0OG

DEPTH (feet) TYPE OF ROCK OR SOIL PENETRATED REMARKE
(gravel, clay, etc.; hardncss, st (water, caving, s
“From | Yo . coler, ete.) screen samples,

I ’ ¥ . -
. . . .
.
.

' - 100313
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G | AltE | e | nifBhe | anliito DS | s s.u:,,
FEETY teking sir, sic.)
5 a.m. 5 - 3 —I&O'T'T Clear
7:10 10 " Lhi5n "
7:15 15 " hsfl/zu‘-‘ "
7:20 20 " 50'9" "
7:25 25 " 5204 J/pn o
7:30 30 n 53190, "
: 7:35 '35 " 54'8n "
' 7:40 40 " §5'3 1/pn  w
1 7:h5 4s " 55181 "
{ 7:50 50 " 561 11 "
| 7:55 55 W [ ses 1hn  n
' 8:00 60 " 5607 1pn v .
; 8:10 70 " YA “
5"8:20 ' 8o " 57'3 1f2n @
f’__s=3° 90 " 5717 1w
8:40 100 T H —5719 3w
8:50 110 " 57111 Y720 M
9:00 120 " §812 1421 "
' 9:15 135 " 5815 1f2m u
9:30 150 H 58171 L
9:45 165 " 5818 344 ©
'10;00 180 " 58110 Vgn "
10:30 210 " 591 "
11:00 240 " 59¢1u "
12:00 nodn 300 " 5912 1j2n
1:00 360 " [T "
2:00 420 " 59'5 U »
:.::w 1/30/76 e E.S. & K.B. >FTeI K
! ' DATA BY DATA SHEET NO.. ..
== T




ORIFICE
READING
INCHES

Tiug
(IR « 48
MIN. SEC.

AIR
LINE

TAPE
READING

PUNP
GPM

,l PUMPING
DISCHARG\hr LEVEL

REMARKS = (o. ;
werar gleer, elour

FELT teking alr, ote.)

o
—

‘[ sor10m

461 1720
k30

Lovén

38']0"‘

37160

36!5"

35's 1/an

3513 /4

34110 3/

3418 1/4v

345 1740

3411 1/4n

3310 3/4

33 l9ll

DATE:

11/30/76

DATA BYs_

E.S.

& K.8.

DATA SHEET NO.

v

e
e, T2
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 PROJECT NAME: & lory EPA SITE NO2 __ ¥.245
i TDD NO: - P30l -x? REGION: Too-

L\_/ | QUALITY ASSURANCE REVEYW OF
' INORGANIC ANALYTICAL DATA PACKAGE

' CaseNost 4265 Applicatle Sample No's.:
ContractNo.t .~ o | BICR A e R 2B MDY, A RIS ik 23,
Contract Laboratory: MM?‘M . 2 » M A2y
Applicalle IFB No.: ' : & 224,
Reviewers ___s4uo £, Saffn, | ML RIS MR 22 08 217 mch230
Review D ate: : y . 233 yi1d zzg,mcs .';vl -

The Incrganic analytical data for this case has been reviewed. The quality assurance evaluation is
y sunmarized in the fdlowing tatie:

[Reviewer's Evaluation™ ~ Fraction ‘ -
| | ! TASK 1 TASKII TASK Il TASKIT |
- i CP or AA " FURNACE AA COLD VAPOR AA | CYANIDE
| METALS METALS MERCURY
Acceptable
i\oceptabie with exceptonis]
' j\estiomble Q ‘ X
' Enaoceptahte
* Definitions of the evaluation score categories are listed on next page.
This evaluation was based upon an analysis of the review Items indicated below:
@ DATA COMPLETENESS @ INITIAL CALIBRATION VERIFICATION
@ BLANK ANALYSIS RESULTS @ CONTINUING CALBRATION YERIFICA TION
@ MATRIX SPIKE RESULTS @ INTERFERENCE QC RESULTS |
@ DUPLICATE ANALYSIS RESULTS @ DETECTION LIMITS RESULTS
(O STANDARD ADDITIONS RESULTS @ INSTRUMENT SENSITIVITY REPORTS

| @ QUANTITATIVE CALCULATIONS

Data review forms are attached for each of the review items indicated above.
‘ *¥=No errors noted, no form attached,
. @ Spot Check performed,
| Somments: () 6K o5, s
6!

o
- ~ 100323




DATA EVALUATION SCORE CATEGORIES

; EP ABIE: Data iz within established control limits, or
the deta which is outside established control
limits does net effect the validity of the
analytical results.-

ACCEPTABIF WITH EXCEPTION(S): Data 12 net completely within

egtablished control limits. The deficiences ere.
identified and specific data is still valid,
-given certain qualifications wvhich are listed below.

! QUE§TIONABLE: Data is not within established control linits.
The deficiences bring the validity of the entire

l . data get into question. However, the data validity
is neither proved nor disproved by the avalilabdle
infcrmation.

l gﬂggcgﬁTABLE: ‘Data is not within eztablished control limits. .
The deficlences imply the results are not meaningful.
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-
DATA
coweLtTeness| SN Voo | (0% | heithal el balpia)odio Yo 1 Vil 1S o
. [ 1 b [ i [ 1 g o3 o ot e, B
LAE 10, # 4® Y :’o_’é_:’z_}_‘/ % _‘g{fﬁ_ qg e v vkl
FIELD QC  JaLans % v . i
DUPLICATE | X/ X/ v v
SPIKE . ~
LAA?JQ aa JRix0aTa N 77 J; _/- A rArArdAwi e o I 2
meracs rasreswrs 1 | vl v el tiZ VM 27 7 o) )
ITA!. O.L.s |7 PARANATrAararars v L v
Joa rom /lvl /vl dvizivivivli 2 b, T
carwreree § /v vl I/ lviviviivIivivi“irlr |7
INSTR.8ENS. . | | L
:ﬁ:ﬂé&: RAW DATA ViV ;/JL/ v ivlivlvlvlZr ) e lel. e
AR TABRESWTS ) /| ) v Jr WV o bbb 7)) ) d )
METALS TAR.D.L's ]V v b A Ly I V4 rd vy i1ivi- .
QA FORM I il vdvlirivliviv ot -]~ |~
instasens. | 1 | _ _ N
TASK Il |maw 0ATA Velrlio L A Vvl vz Ve v 2 A ] -
COLD VAPOR . , .
e meresurs ) 4l |/l v lotvls 2]~ 7] <L
MERGIRY Tusons ' Avrlv]/ v I/ T/ 1l lvi-1+[ |~
aarorw 1 /vl vl ol vzl 2l 7l elr )y ] v
| INSTR, SENS,
TASK ;. {Rawoata . ) /1 S| ¢ A sl s L L/ vl I I
CYANIDE I oas.RESULTS AN ARSI AN AN Ar4AVFAraAvaAraraAviRar
TAB.D.L.» vivivivziviv v iy /J v VW V4
QA FORM. iviivivivivelvsl, L)/ Wl 17 |v
INSTR, SENS,
rm;&w DATA T
" Jras.resurs |
ms.oL's |
A FORM |
INSTR. SENS,
OTHER jRaw DATA g -
{sPECIFY); | Tas.rusuLts |
[raeonss |
0A FORM
lmsn SENS.




' N
! - pATA I
- feoveeeTeess| S | el Yoot Yool Vool Yool !
3 TRAEF) meh 1ML Emed Fact bcd Jucd picd . B ———
5 REPORT & g g;;? '%;; ij?g ﬂg_;g 29/ '
LAB LD, & L77: LA RA 47478
/7 140 p¥] i
1- FELDGC  Jgranx v s,
ourLicare | v
SPIKE -
TASKI: RAWDATA v v % -
' F 4N [ .
ICAP OR AA: < £
METALS | TAZ RESULTS EPAdEraNae |
meoLs el a7
QA FORM R E A Y
caemwreree f o f s { v |
———— — R
TASK I} RAWDATA v v lv v v
FURNACE
AA TagResuts | | - | « ] ]| e
METALS  Tmsors Jo Jr v v o je B
A FORM f “|l«]“l“lv]]~
INSTR. SENS, N _
l TASK W a RAW DATA 20 F Pl rl A
p
22';‘"“ ° TAS. RESULTS lv' ¢t v | Y] vV s
MERCURY frazor's |, |, |- . |
- foaroru i. : NS E
JINSTR. SENS.
' SIS S S SN S— e —
TASK Il | RAWDATA
. | CYANIPE Fosresurs |
Tas.oLs |
QA FORM. |
INSTR, SENS. .
i — o — e |
OTHER RaW DATA -
(SPECIFY):
Tas.Resuts |
1as.oLs |
A FORM |
INSTR, SENS.
OTHER RAW DATA
(8PECIFY): Foae. nusuuts |
Ts.oL's |
o foa Form | .
i
1 INSTR, SENS.
\_/ COMMENTS:
-
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BLANK ANALYSIS RESULTS

7aSK | TYPE[CONC|MATRIX] SAMPLE # | SOURCE OF ¥20 | CONTAMINANTS (CONCENTRATION / DETECTION Liki-

£k |FHEAS | agc | FTa

Tt | meb B ey
e eearsae | i

' Zrz RGen 2l
e (o meh ' ﬂ%a 'V*vr—a

23 sl

i'!--"

 Tato /. : ‘ &. gé.;u./ oyt S 8oy Lo
s AEp I | | -

I,0,0
A Ry | £h: 28 etk
{f DJ;‘B Fr d /Z/ S 0/ ‘:50 LT

LABORATORY REPORTED FIELD BLANK DATA IS COMPARED WITH TNE SAMPLE DATA IN A TABULATION FORM WITH!
SAMPLE ANALYTICAL DATA SUMMARY.

COMMENTS:

(1) RESULT REPORTED 8Y LABORATORY AND CONFIRMED BY REVIEWER,
(2) RESULT INFERRED FROM RAW DATA

;&: :m/ P AGE g@ CoulmimusfuIT LEYELS THE FOUOW S I IS purty BE

$ ey RUE_ALED):

I ez 30 _me mcp 3Y6 ! 72 ' .
é- me & 21/ Mk gzg', mef F3K mch "'Eﬁ d 224,4»_!54 ,izg,mgd 29
Zetepnic L 20 1k iﬁ; ﬂﬁﬁ‘?‘:“g Mg 739, mes8Y6me k gﬁligmazz DeEZ237




lA48
Ouplicate Analysis Results

\—fhe applicable duplicate pairs are: ” s q04
sample no. | b3/ \ucs <206 | yea- ;
Fleld duplicate '
Lab duplicate Y s v
sample level L - /A
sample matrix | 4Q A sof
K | I, i gy oy 3

r -

. MATRY

AQ
&.

maximum acceptable
Percent Difference

] The relative percent difference (RPD) for each parameter group was e_\'ra}uated. The
duplicate analysis RPD acceptance criteria should be:

T 20% o~ TerDL if cone. & SXCRDL

The RPD's exceeding the maximum acceptable percent difference were:

MATAA

A9

AL

Compound

T/ on)

CcEDdL = r00

CR4 /N1

So/

e mr

<o/

CLoc: 20

. T, [P
3 _A'J“/'M kg

i

4
(adm LA

Sol

Leod

¢~
pt -

-Sr'/u)\-(/‘

Line

"

.

- Comments: ¥ coibimivdion

z -;\‘50'7- .
ws
Comparison
Actua) RPD ontus Sample | conc. i conc.
Sy R Tacg-24 | /80 3/ ¥
27 Tw>Sacpan| 139 | of X
176 25 popen22 | 1és | 72
éé T 37 X S Ao 4
o 73 med-3z V 897201 -5
w5 - pugr2l /9 /R
7 Z -y Me& 2232 o/ W
l
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i

Fiecy . _
Duplicate Analysis Results

\—the applicable duplicate pairs are:

sample no;

e 3l e avd |t 226 | mesians| 9, “ 55
Field duplicate v v -
Lab duplicate
sample level L L ‘A
sample matrix A& AL ﬁ/
ThsK g 57,2 Z, )z

The relative percent difference (RPD) for each parameter group was e_(ca!dated. The

l
|
-

ey S
o
A

A2

AQ
AL
__Sol.
Sof.
_Sel.

_Sef
Sof

MATR %

AQ
Sot -

duplicate analysis RPO acceptance criteria should be:

maximum acceptable
Percent Difference

2%
t 4%

Compound Actual RPD
] S0
2 ¥y
Alvinsyn xd
Trond 04
Leod _ 193
¢ Audimo 2% /98
Alsenc 70
Cedorlum 187
Colrivm /193
_ Zinc, 1

Comments: %@&n;,é on)

The RPD's exceeding the maximum acceptable percent difference were:

Comparison
2/¢ L /88 | ¥
/39 £9 ¥
£2 %9 ¥

povo | o7v3 | #
2 2 -75‘75 py 25 VP4
2 1296 |
®e | 203
)R 29
2 SR 1 1L 230
. S W1
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MATRIX SPIKE RECOVER'ES

P /
O [ uctad [ Tt A el
’ _ Lab Spike Yz Y J v
aTix AQ A9 | Sof Sof
l Conc. Level L . ) .
[Method Std.
| Tk |7z Z_ lzz |z
' All matrix spike recoveries were within the established contrd ranges spccsﬂed In; /
I [FB WAS -A _, ExhibitE, Table 2 __Yes + No
‘ Exception(s): .
l . Accepted Actual Sample Crg. Spike’ Spike
Parameter Range (%) % Rec Number | Resut | Added Resdt | Units
| - Sh 7528 |\ Jeh \MueRaw] sou | s 832 |ual
~_As 543 65 imep-ae9l o | 20 13 o 2
- Lo 75-p< 2o o meb-2vy | 2ou | oo | 298 [l
I .- 75 RS 39 Xilmcgamw | /88 eoo | s9¢  leett K
-_Pé 75 125 O mebavy | 23 20 19 octl
0 - My 75-/35" Zo wct. 2oyl ae | Poo AR P4
~  _ T, 5178 o hlmegaw]| t0u | 200 | 2o e
' — Az 95- @5 o Vg 228l 15 vo | 39  lu-t/
Lo ATt 138 Wacp-2381 7290 | 2000 82y lecs
. _ARe 25 12 252 lacgare | s SO b A P4
I Zd vARS/Ld 122y lcposzr | 22 T lof td
£r 78-S 238 lwep-ars | 24 2o | 3o lecif
{ L, o525 194  lweg-228 | 20 200 | vt .o/
Py 28 g L2 mez-am | ys2 Sop Y iy Lt
! T — He 28 - /92 " metw23a 5.72 ) 2.2 ‘e 4
i . A T 125 lpez-pm P P Y,
; - Sr 25 -5 {o tvcﬁ 238 ]_524 iz e v:._ff"
Comments: _¥¢o A ,;&--’ iaw
1

!

P led

i 4 au-)ﬁgz.: Lf e i E_r-’f ﬂ*c4 Y

\l
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MATRIX SPIKE RECOVER'ES

};;;;gg;_uuazazy skaaaﬁ_Tguzgdas wr0f -2322
i ike
Lab Spike v & L -
Matix ) Q A 2 ) <o/,
tho_LeVe!- A A i~ L
Method Std.
Tk |17 by A L | Ir
All mawix spike recoveries were within the established contrdl ranges specified [n; .
[FB WAS -A__, Exhibit E, Table 2 . Yes _No
Exception(s): :
' Accepted Actual Sample | Crg. Spike’ Spike
Parameter Range (%) % Rec, Number | Resu? Added Resut Units
- 14?? ‘ 725-/38 (] Mgl 234t joc < ¢4 2 'r-(f
S 2 -p2< 226 el 238l Y Fon »os Vo d
v 25 125 147  \med238| g7 | Sop 23> oo
-_ 20 Z5-425 2325 Imcs-p231 12¥ Soo o-9 ot/
\
Comments:
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' Mentation indicates a standard addition correction was performed
1{111 spiked samples for parameters having recoveries outside of

mtrol limits: Yes No

STANDARD ADDITION RESULTS

:l the parameters having poor receveries in the spiked sample(s),
dard additions were &lso performed on all other samples where

zfnrollowing conditions were met:
(1) The sample matrix was similar to the matrix of the sample

which was splked; and
l {2) The parameters in question were detected with postive results,
: Lo SR Yes Ko o Reouie D
’ BY centoACT

'he parameters with poor spike recoveries are listed below, l?.lonf
q:h the type of standard addition performed(none, 1, 2, or 3 point).

!
Mo results for these parameters in other samples which have & similer
mirix are also listed below: - |

-§m{ple dea&tg'u{ of matrix| parameter recovery' type of std. add,

A N
~

i = —

; . '\\\ 2 14

b i

]
'\\\\5100332
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' Initial Caljbration Verification lﬂd Continuing Calibratien Verification

Documentation indicates caljbrations were performed and checked every ten samples: Yes ¢/ N
Exceptions:

( w‘& ’
:

=

i

R !

Calibrations and verifications were all within the control limits specified in

"3 ‘ YesZ,N

OREGiR:\’:.
Acceptable | Calibration] % of {Rest;

Range (%) [ Identifier |True Value

Outllers are listed below:

Parameter Comments

I Interference QC Resuts | ’ H ¢

Documentatien indicates interference QC samples were run before and after every ten samplesiYes N
I Exceptions: Bu\’ AT Skt awd €AnSH oF sSier A @E&.‘-‘ 'Q.\-l CONTRACT '

Interference QC results were all within the control limits specified in

l $ E¥A eRL TO aambc‘tmes oL - & 7 Yes_ZNo_
Exceptions: .
Acceptable] Calibration % of
Parameter Range (%) | Identifier |True Value| Comments

..' .

i@

mew
V

100333 _




L o
R - QUANTITATIVE CALCULATIONS
z CALCULATION ERRORS AND CORRECTED RESULTS ARE LISTED BELO‘WRIG]NQL

{Hed)

-
(

-—Cw - -
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' | | : ORitiiyg:
\_/ Detection Limits Results Fes;

Detection 1imits were reported for 211 samples analyzed: Yes )/ No

Exceptions:

Detection 1imits were less thaﬁ or equal to the required detection limits
specified in Cow) 239 . Yes . No

Exceptions:

Instrument Sensitivity Reports

Instrument sensitivity reports were documented for all parameters:
Yes No

Comments:

————_

Qther Remarks Concerning this Case:

There are currently no established control ranges for ICP interference check '
K_,) standards., However, although not a contractual requirement, 85% « 115% is (AT

i _here as a tentative gquideline for evaluation. Outlfers of this tentative
~ _control range, {f any, are tabulated on the bottom of the preceeding page.
100335
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P U.S;. EPA Coatract Ladoratacy Program
azple Mansgezeat Office

EPA !upu ¥o.

.0. Box 818 = Alexandris, VA 22313 B 236
703/557-2490 FTS: 8-557-2490 ORIGINA!, '
. (Redt Date G— S5- 75
| INORCANIC ANALYSIS DATA SHEET )
LAB SAME CHEMTECH CONSULTING GROUP CASE NO. Y36¢
SOV KO. 734 )
LAB SAMPLE ID. MO, Go - ¥79-QS QC REPORT NO. _ 47F

Clesents Identified and Measured

Lov 7 Mediua )

| Concentration?
Matrix: Water Soil Sludge Other
et ag/kg dry veight (Ciccla One) :
1. Alusfous g23 PR 13. Hagnesfus 7949 P
2. Antimony 50 UFR 14, Maoganese 517 PR .
Uo Argenie 10 W.UFJQ 1S, Marcury 0.2V
™8, Barfem 5o vA 16, MNickel 20 VP
$. Baerylifus SVl 17. Potassius 5578 P
6. Cadafum 5ve .18, Salenfum SVE
7. Calctum 113#50¢ P 19. ‘Silver 10 UP,
8. Chrostua /0 VP 20, Sodius 20650 P
9. Cobdalt 20 VAR 21, Thalliua 10 UF,
10, Copper o X, A 22. Ta 30 VFR
11, Xron 2020 BR % 23. Vanadtum 20 VA
12. Lead 326 PR 24, 2toe 19 P K -
! Cyantde [0 Percent Soltds ()
' Pootnotess Por repoctisg ctesults to EPA, standard ‘tesule qualiffers are used

| as deftaed oa Cover Page.
; rtesults sre encouraged.

Addictonal flage or footootes explalaing
Defiaitton of such flsgs must be explicit

and ecataiced oa Cover Page, hovaverte

Conmeates

p

[
S
S —

Lah Maaager _

1 NNAIY



;ZU.I:.tIA cancrnct Ladocatory Prograa AR CINAL [Efi'ianplc No.
“seple Managezeat Office (Red! |
\_.0. 8ox 818 = Alexandris, VA 22313 -, 2= I
703/557-2490 FIS3 8-537-1490 | Date ‘i,S-:_YZS
) INORGANIC ANALYSIS DATA SHEET '
tAS fAME CHEMTECH CONSULTING GROUP - CASE N0, ___4I6€
SOW NO. 789 ' :
LAB SAMPLE ID. NO, G2 - 479-DR 06 QC REPORT NO. __ 475
. : Dw)
Zleseats Idencified and Measured
Concentration? - Low Mediua ”
Mactrix: Water Z Sotl Sludge Ocher
or ag/kg dry veight (Ciccle Onc)_
1. Alustous 458500 FR 13, Magnestus Y60 7
2. Antisony QUPJ? 14, Mangsnese W es PR .
' N\, Argenie g0%.ER" 1S, Mercury 020
L‘. Barfum 2466 P 16, Nickel : €35 7.
S. Berylitua /4 P 7. Potassiuam /2926 P
6. Cadaium %0 P .18, Salentus SUF.
7. Caletus 20870 P 19, Silver Jo WP
8. Chroutum 7o) P 20. $Sodium ?ﬁff?
9. Cobdale 135 PR 21, Thallfus /0 UF.
10. Copper s F . 22. Tia 300 UF ER
11, Zeon  )33P0¢0 PR 23, Vacadive Jlo7 7
12. Lead 2/15% P.R 24, Ztee J754_R ¥ -
Cyantde [0V Percect Soltds (2)
footnatess Por rcpottta( resulte to EPA, etandacd cesule qualtfiecs are used
as defined oa Covar Pege. Additfonsl flage ot footaotes explaiaing
cesulcs aze easccuraged, Deflaition of such flage must be expliecic
in contalaed oa Cover Page, hovevat.
ufrouutu E- Fok S Deworss A4 Marex TRobiedt. :
. L ]

L nan;ﬁ

. ' 100%331KR
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£

[\éatuc u&onut: fcogtsa EPA sasple ¥o.
nagese at Office .
x §18 = Alexsnd? cis, YA 22313 MCB

imo rrs: §-337-2490 rae b5 7S

g cupMTECH CONSULTING GROUP
| VO 754 e
{ ipre 10, ¥Oe Ga-YIE= 07 ' oc repolt wo. Y72

_t_l_ucnn !dcn:ttud snd Husuud

| lﬂttltloct Lov L Hedivu®
g3 Watef J soil gludge othet

seyaisus 469 7R 4_ 13 wuun -'H'Ho_?-
Lﬂﬁ oy QQ R L Manganess “y38 PR .
Arsanic W vF K 13 Hercuty 0.2Y. o
Sarius 50 vb. . 16 !Lcktl‘ 20 . I
Serylifus 5 WP 1L gotassius — <337 F o
Cadaiun 5 ub ™ 18 illciiu- 5 VE. .
Caleius 116400 P Ty, StlusS — _Jo ub _
| Chremius 10Vl 20 Sodius 19860 F .
Codait 0 VPR . Thallius’ J0 VE.
L. Coppet 20 - : - . 11 20UFK o
*. Lron 2743 TRX L Yanadivs — Jovf -
<o Lasd & uFR W e n3 PX -
frsnide j0U ~ percent go11de (1)
footaotes? for gepocticat gasults €9 Leh, gtandst cd tuul ( sliftecs até used
! as deftoed o8 Cavat Pagée addicional Y flsg ¢ foot® oul expletlalnd
‘ cegulte oré cneeunul. pefinitios of luch llul st b axpltcit
\_/ aad eonu!.ul oa Cov tage navevete

1nnnnn



fora L

4 4
a——

t?A Saaple No. ‘

ot

N\ A C&ntuct tadoratery Pcogret

| i'.o Macagesent Office
; l;:zllt - nuand;i’.li :L 22313 MCB 0o
537-2490 FTS3 8-587-2¢ 0 QRIGINAL
(Rets Dats __( -S- YJ" .

{NORGANTC ANALYSIS DATA SHEET

1 imz CHEMTECH CONSULTING GROUP CASE KO, 49&5 o

{60, _ 234 - '
q SAPLE ED. MO, Ga- Y7o o8 QC REPORT HO. 478

glesents gdencified snd Messured ,
Lov J Medivs T

Other

acenttation?

ll gix: Water 1 Sotl _ $ludge

| o: ag/kg 4ty veight (Ciccls Oue) .

« Aluainous 75, 7K - 13, Magoesius £0 P

! \ntison VPR {4, Manganese 15~ UFR .

. Arsenic 0 F._VER ~ 5. Mereury 0.2V

| Bartes 50 -VP. 16, Nickel 20 W

bo Barylliium 5 VP. 17, Qotassiu® yo00 VF

{ Caduive s R 18 Salenius 5k

J. Calcius 732 I 19, Silver Jo uP.

'i!- Chrounlus /0 . - 20. Sodium 1.2¢0 Vg

9. Codalt 20 URR 21, Thallivs JoVE

| 0. Copper oh__ - w8 ~ 200FR

11, Iroa 658 PR * T 73, Yansdive 20 YF

| 2. Laad 5uFR ~  aa. Btee 26 Px -

Cysaide oy o perceat go11de (1)

! leotaotass POt g.pozuq gesults CO LA, steandacd gasult qualtfiere ate used
es daficed o8 Caver Page. addtttonal flage of footaoctes axplatsing

Definiciocs of such flags gust be exp teit

'? casulte ate eacoursgede
and coatafoed o8 Cavat Page:s fhavavete

Hmutu

/ - -
L) Naasge? ‘




form ¢

| "U.$. EPA Coatract Ladoratory Progras - |EPA Saaple No.
i~ ample Managezent Office ORIGINAL I
i e g e = |
703/53 : | Date _é.-' 5-— ?r)r
INORGANIC ANALYSIS DATA SHEET ' '
LAB RAME CHEMTECH CONSULTING GROUP CASE WO, ____ #4565
SOV NO. 784 | - .
LAB SAMPLE ID. N0, G- 478 -/3 QC REPORT HO. 478
Zlenents Identified and Maasured
Concentration: Low VA ' Mediua }
Maceix: Water Sotl _ / Sludge Other
ug/t eor @ dcy vc@ (Cictcla One)
1. Alumisus 2093 7 T 13. Magnesium 4_33? P
2. Aat{sony 33 VP ¥ 14, Masgsnese & FR .
. 3. Argenic 6.5 Uk R 1S. Nercury - 0.3 R
Nd. Bariua /53 PR 16 Nickel 32 £:R
S. Baryllfus 4,0 PR 17. Potasstum [/126] P
é. Cadatunm 3.3 PR* .18, Selentus 3.3UFR
7. Caletun K?OGJ P 19, Silver Lf VPR
8. Chroatum 33 PR 20. Sodium 2.
9. Codale 2/612 21. Thallfus 6.5 VF
10. Copper /3 UPR - 22. Ta 20 UER
, 1le Iren 3627 P. 23. Vanadgum 5y FR
| 12. Lead 536 F* 24, Zise 58 PR %
Cysatde 0.36 Parceant Soltds (2) F6. 7

Footnotess FPor reporting cesults to EIA, etandard casult qualtffers are used
f as deficed on Cover Page. Additfonal flags ot footaotes axplaiaing
i _ tesulcts are eacouraged. Deffnition of such flags must be explicit
and coatataed oa Covar Page, hovevel.

i
. Comnmeates e

e
L
e S
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fora 1

' . e ‘ :
\_A C&ntnct Ledoratery fcogcas ORiGiNA: TPA Saaple Mo.
. lunagtunt otfice (Ked) 3 \
o R s Lo
Date _f@ -5- Yj__
{NORGANTC ANALYSIS DATA SHEET '
SAME CHEMTECR CONSULTING GROUP CASE ¥O. 365 —
‘wo. 784 . :
saqrLt [D. ¥O. @_:ﬂf_:ﬁ. QC REPORT ¥0. 478
Zlesents fdentifted snd Messured ’
acentration? PV A Nedivs

rix: Water

sotl _J gludge Other

N
i\éﬂﬁﬂtll

e defined qu Covet Page. Addtctonal llauho oo
4

cesulte ace enco
aad ceantul oa

ug/L of (Cicecls Ous)

" Alusisous 3694 P . 13 Magnesius 115507-1?

s. atisony 30 Vb X 14, Mangeness 23 PR__»
., Arsenie ES.R 1% Mereury 0.2/ R _
| Sarfius go| TR ~ 16, Mickal 12 VPR

. Baryllgus 3,0 uPk 17, Rorassius [605] F

| Cadsium x PR¥ .16, Salentus 3.0 VER

' Calefus 2441 7 T 9. Salver_ 5.9 VPR

, Chrouium 20 PR - 20. Sodfum ' #3 vp. -
p. Codalt & up. 21, Dhall UF.

3. Coppet /12 VPR .

" 1le Iren 10570 r 1%

2. Lesd sy D% T 2.
Cysalde ___ 0.%0 V ~  percest S01tds (2)

lootnotesy UTot gapoccing gesults tO LPA, uindul gesult qualt

utagede pefiaition of eu¢c
Covat Pagee hovavete

—
——
e
I —

Leh Naasget



}
‘ form I

[

;__il.l.'ltl Cootract Ladoratory Progras EPA Saaple No.
\")np!c Macageceat Office ‘ I
Eatrir o R
703/337-2 | oute -5~ 75
INORGANIC ANALYSIS DATA SHEET '
LAB BAME CHEMTECH CONSULTING GROUP CASE ¥0. “365
SOV KO. 7 8¢ :
LAB SAMPLE ID. MO, Gia-428 - 7% QC REPCRT NO. 478
513!22E!.!!225&!!2!.22!.!!222£££ .
Concentration? tov / Mediun )
Matriz: WVater Sotl /[ Sludge Other
l ug/tL ot fkg dcy wgéiii)(tttcll Cus)
| 1o Atuatove - §680 P 13, Magnestus [25’651 4
2. Antisony oYl P ¥ : 14, Manganess 36/ PR .
L/‘. Argenic A4 FR ° 15, Mercury _ 0:‘:3' R
&, Barium ZZOO-I 7R 16 Nickel ) FR
I S. Beryllfus 2.8 UrR 17. Potassius 550 vt
6. Cadaium £.5° TR % .18, Salenius 2 -5 VFR
l 7. Caletus 63036 P _ 19, Silver /! TR
8. Chroafus /3 PR 20. Sodium 460 VP
| 9. Cobalt /) VP 21, Thallfus 5.5 VE
' 10. Copper 74 TR : 22. Iia | 101 FR_-
I 11. Iron RIOF P 23. Vaanadium 2551 R
12. Lead YgoR6 P * 24, 2iae )33 PR ¥
E Cyantde ___ .30 Pacrceat Soltds (%) 90.9

! footnotegs PTor teportiag tesules to gPA, etandard gasult qualiffece ate used
; as defteed ou Cover Page. Additfonal flage ot footsoted explalaing
' gesulcs ate eacouraged, Defi{ntcion of euch flsge wust da explictit

\ aad coatatoed oa Caver Page, hovevele -
' Comsantet _ — £ 100343
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)
"

i ".l.‘ EPA Coatract Ladorstory Prograe

\'/n;h Maoagezent Office
0. Box 818 = Alexandria, YA 12313

703/557-2490 FTS1 8-587-2490

LNORGANIC ANALYSTS DATA SHEET

O8ustivaL

EPA Saaple No.

ey a3y |
an—ﬂ rr

{Red;

LAS RAME CHEMTECH CONSULTING GROUP CASE ¥0. 4365
SOW NO. 784 _ | :
LAB SAMPLE ID. MO, Gio-42F /5 QC REPORT KO. 47%
Zlesents Identified and Measured ‘
Concentratioas tov_/ Nedium )
. Mateix: Water Sotl _J/ Sludge Octhar
ug/L ot &g/kg dry v@ (Cirela Oue)
1. Alusioua  513% P. T 13, Magnesius o
2. Asetwony 199 > % 14, Maoganese §7 R .
\_ 5 Arsenic 19FSR ° 1S, MWercury 0.99 R_
& Bartes _ VE51 PR 16, Nickel _3] Ik
S. Barylifus 3, VER 17. Potassiua L9381 P.
6. Cadatum go PR * .18, Selenfus 3.1 vER
7. Calefun 95%22 7. 19, ‘Silvir .S ORR
8. Chromfus §.2 PR 20, Sodiue ZEMJ 4
9, Cobdale 13 VR 2t. Thalltus £.8 FE
10. Copper 91 PR 22. Tia 23] FR
i1. Irca /0063 p. 23, Vanadius 131 'R
12, Lead 381/8 P * 24, Iise 73 R *-
Cyantde _ ¥ | Parceat Soltds (3) 777
Footaotess Por reporticg tesults co EPA, standerd result queliffers aze usad
as deftaed on Cover Page. Addgetenal flags ot footootaes explalaing

tesulces are encouriged.

i aad coatataed os Cavar Page, hovever.

“oameates £ :fie )

Definicfon of such flags sust ba axplieft

.. 100344
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f_ : . Porn I

i de8e EPA C&ncuct tadocatory Progran EPA Saaple No.
~.zple Macagezaat Office ' I
\_/O. Box 818 ~ Alexandris, VA 22313 . mMmch 23S
! 103/3!1-;&90 r78: 8-557-2490 (Ked) Oate _E' <. ﬂ
INORGANIC ANALYSIS DATA SHEET
LAB BAMZ CHEMTECH CONSULTING GROUP CASE ¥O. S4SES
sov NO, 784 | ..
LAB SAMPLE (D, WO, Gio-42F - K QC RIPORT ¥O. ___ ¥/7%
Clesencs Identiffed snd Measured J .
Concentrations tev  / ' Mediun ) '
Matrix: Vater Sotl $ludge _ Other
S ug/L or @ dry v@(cmu Oune) |
1. Alustous 5506 F T 13, Magnesius [2”]}.’
2. Astgmony 206 F ‘14, Manganase 220 r.R "
L:: Argenie FSR - - 1S. Mercury 0.7F KR
o Barfus 7R 16. Nickel 2 VPR
Se Beryllium 3.0 PR ~ 17. PRotassius 610 VP
6. Cadatum 1§ PR ¥ 18, Seleatus 3.0 VER
7. Caletun 222256 7. 19. Silver /! PR
8. Chromfum /0 PR 20. Sodius 232 1.
9. Cobdalt L Ve 2t. Thalltus 6. ) VEE
10. Copper 59 PR 21, Tia /§S UFR -
11l. Irea 984/ P 23, Vanadius }18] £ R
12. Lead HoYey I ¥ 24, ZIise 72 PR ¥ -
Cyanide .76 ' Percect Soltds (Z) ?) e
footaotess PFor reportiag results to gPA, standsrd casult qualifiecs are used
as defteed on Cover Page. Additfonal €lags ot footootes explalsing
" gasulcs are eacauraged, Oaffnition of such flags sust ba explieft
sad coatataed oa Cavar Page, hoveves. : ,
. . 100345
Coanaates _£° [Re T Dejorrs # Matpix pRoBum, : —_
./ : . °
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| =,

Lad Maasger



#
.

L.Il.!. ZPA Coatract Ladoratory Progras EPA Saaple No.
nple Macsgeseat Office .
> 0; l;x'zlll e Alexandria, VA 22313 - Of::i'é\fnl c® A=E
03/557-2490 FTS: 8-557-2490 s
: Date _{-j'— 75
I{NORCANIC ANALYSIS DATA SHEET
LA SAME CHEMTECH CONSULTING GROUP CASE NO. 4368
SOW NO. 7 5 ‘ )
LA SAMPLE ID. MO, Gid-428 -/7 ~ QC REPORT NO. 478

|

Zlesents Idencified and Measured

Concentration: tov/ Nedium __
Matrix: Vater sotl _ [/ Sludge Other
ug/L or &g/kg dry u@ (Ciccla Oue)
'l. Alusious 11375 F T - 13, Hagnesfus é-‘ ?
2. Aatfsony 293 7 ¥ 14, Manganese 243 PR .
v Argentie ¢ FR - 1. Mercury 0.65 R
k‘ Sariua ’Z°§| ) 4.4 - 16, WNickel S PR
S. Berylitum 7.3 VPR 17. Rotassium [7¢€] P
6. Cadafua % PR* .18, Saleafus 2. 3 VFR
7. Caletum Bl A 19. Silvér _ 6.5 VPR
8. Chromtus 0 PR 20, Sodium gz.?gg]}.’
9. Cobale 3 VP.. ‘21, Thalttums 6.5 VE
10. Copper JoR TR - 22. Tia 70 VFR
1l. Ircn 4993 r. 23, Vanadius lz?TPR
12, Lead 6773/ I.¥ 24, ttae 220 PRX:
Cyanide ___ 0.2V Patceat Soltds (3)  Tb.7

_ Pootnotess Por reportiag tesults to EPA, steadard tesult qualiffers are used
| as deftaed oa Cover Page. Addfcfonal flage ot footadtes explataing
cesules are ancouraged, Deffnitioa of asuch flage must be .35“"‘
: sad coatataed oa Cover Page, hovever. 100346
 Commaate! | .
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St &

'.u.s.",tu c;ncnct Ladoratory Pcogras

vnph Macsjenant Office
‘0. Box 818 = Alexandria, VA 22313

10/ $37-2490 FIS: 8-357-2450

Concentcrations Lov ./

Macrix: Water

sotl __/ $1ludge

form X

EPA Saaple Ne.
cy 37 |

D;:a_(aff rS i

 ORIGINAL
(Red)

INORGANIC ANALYSLS DATA SHEET

LA SAME CHEMTECH CONSULTING GROUP CASE NO. SSES

SOV NO. 7 8¢ )

LAB SAMPLE ID. MO. G2 -ﬂg—lg QC REPORT NO. &7%
Zleaents ldencified and Measured p,

Mediua . ‘
Other :

ug/L or &g/xg dry veighD (Ctrcls Oue)

1. Alustoum  f992 7R 13, Magnesius 658( P

2. Antisony  LO0F P K 14, Manganese [3[ FR e
L‘/- Argenie 62 FR - 13. Mereury 0.6 R

o Barfum 499 2R 16, Wickel ﬁﬁf R
1 Se Berpittus 2.5 UPR 17, Potassiva _ 50Y UF

6. Cadatum 2/ PR Xk 18, Selentus o5 UFR

7. Caletus  [//798 L 19. ‘Silver IY R

8. Chromtus 5.l 2R 20, Sodiuam §oy vP

9, Cobdalt 0 UPR 21, Thallium 5.0 UF

10. Copper § PR 22. a /59 FR__

il. Irom 65%1 "R 23. Vanadius /0 VPR

12. Lead 57100 PR * 24, ZItae 30 PR % _°

Cysnide ____ A Perceat Soitds (3) 99.3

Footaotess Por reparticg cesults Co EPA, stendard cesult qualifiers are used
§ ss deficed on Cover Page. Addittonal flags ot footnotes expletaing
‘ resulcs are eaccuraged. Oefiaiticsn of such flags sust ba axpliett
; sad coatataed oa Cover Page, houn_r. 100347
| Commantet NC- wad-cACULBRLE, CyayDE VALLE appLp wot BE DETERMAED
i\" BECAUSE _ SAMPLE _4IAS €LOUDY. — .

P
I

!

L4} Waasger M



ﬁ ‘ | fora I

i '.u.s.'.tu C&a:nc: Ladocatory Prograa {EPA Saaple No. |
| ;c_;

Unph Manageneat Office
S7ssro24d0 ':ﬁ:‘:'-"i?%:i‘:ﬁ wn —_ 237
703/33 | L OR‘;:G:L:N Date (. G- Ys
INORGANIC ANALYSIS DATA SHEET |
LA NAME CHEMTECH CONSULTING GRQUP CcASE ¥O. 4365
jsowmo. ____ 78¢ ' ' .
LAD SAMPLE ID. ¥0. Gio-42% -/F QC REPORT MO, 47%
2lesents Identified and Measured ;
Concentration: tov _/ Medius .
Matrix: Water Sotl _/ : Sludge Othar

ug/L ot élk( dcy u@ (Cicclas Oue)
1. Alumicum §464 A ' 13, Magoesius 1;855;1 f.

2. Anttsony 52 pPXk ' 14, Maoganese 230 PR .
L./' Argente 8, FSR 15. Mercury O.H K
T8 Barfus J¢3{ 7.R 16, Wickel )l VPR .
S. Berylifus 2.8 VPR 17. Potassfusm 559 VP
6. Cadatus 12 PR * .18, Selentum 2.8 VFR _
7. Catetum 2528 P 19. Stlver 56 VPR
8. Chroufua /5 PR 20, Sodium b 7o Vf
9. Cobdale /] . 2. Thallfus 5.6 VE
10. Copper 39PR - 22. Tia _ 25 FR .
i i1, Iren [ﬂﬁ P 23. Vasadium j)s-] PR
12. Lead 2 7659 P-* 24, oe F5 PR ¥-
| Cyantde 0.64 Parcent Soltds (1) 819

| Footaotess Por reporting cesults te EPA, standard tesult qualiffers are used
% - es deficed o Cover Page. Addftfonal flags or footootes explaelaing
cesulte erze eacouraged. Daffnttion of such flage must da explicte

sad coatalaed oa Cavar Page, hovevar. . 100348
Coxmences __ . .
o . | :

; —

_._—_—————d'
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i ]
H

: :
' Form X

iﬁ.s. LPA Cclmtue: tadoratocy Progras EPA Saaple No.
1e Macagezeat Office
0. Sox 8§18 ~ Alexandris, vA 22313 - C VA

703/557-2490 T8 8-337-24%0 | O'f‘é’;ﬁ}f“ bate _G-5- Y£
) LNORCANIC ANALYSIS DATA SHEET '

LA SAME CMEMTECH CON e CASZ W0, S436S

sow NO. 784 - .

LAB SAMPLE ID. WO, Gi2- 428 -390 QC REPORT NO. 478

Clesents Identifted and Measured v
Concentrations tov J/ Mediua - -
Matrix: Water Sott _/ Sludge ~ Other |

ug/L ot &e/xg dry vaighd (Circls Oue)
1. Alustous /114 F ) 13, Maguesius ZZ&:?]f

2. Anttwony 346 P * 34, Manganese /99 7R .
\_ Arsante 103 FSKR tS. Mercury 0.57 F

&. Barius Ei] PR . 16s Wickel 6/ PR B
lS-_ Berylifum - 3.5uRR 7. Potassium 2135§!P L
- 6. Cadafum WP.R* .18, Seleafum 3.5 vER ]
11. Calefus [jzz?é A4 19, Silver 7.0 VbR

§. Chromtum 19 PR 20, Sodium “2?51 4

9. Codalt Y UR 21. Thallfum 7.0 U

10. Coppar 1yo PR 22, e 209 VAR -

11, fron ]5/25Z ' 23, Vanadius /61 2R

12. Lead 35084 P * 24, 2fee /8_FR %

Cyantde ___ NG Parcect Sottds (1) FLE

footaotess PFor ceportiag tesults to gPA, standacd gesult qualiftecs ate usad

ss deftoed on Caver Pege. Addtetonal flage et footaotes explaiaing

resulte are eaccuraged. Definteton of such flage wmust be expliete
eud coatataed oa Cavar Page, hovevale

\:‘Omatu CyanipE b Mt -.sm}}w_BES
WIS _YoLaTILE A AMALYST WwAS AT ABLE TD BISTLLS |

M

R

Lab Managet : LAL




5 : | Form L

H 'n.s."_tu C&ucuct tadoratory Peograa
L'taplo Macagezeat Office

EPA Saaple MNo.
il

0. Box 818 = Alexandcis, YA 22313 ORiGha:

‘ 03/557-2490 F1IS: 8-357-2490 (heg; Oate G" ’_’ 7 ;,
- IHORGANIC ANALYSIS DATA SHEET '
LAB BAME CHEMTECR CONSULTING GROQUP CASC W0, 4365
SOV NO. 78y | ,_

LAB SAMPLE ID. W0, Gi3- 428 -2Y QC REPORT HO. 478
Cleacnts ldenctified end Measured ’
Concenttation: tov_/ Medius :
Matrix: Water Sotl [ $ludge | Other
. ug/L or &g/kg Aty u@ (Ciccla Oue)
1. Alumisum 25 P, o 13, Nagnesfum 75 .
Antimony J5P. 14, Mangenese 7.5 PR .

, % Arsenie 5.0 UFR 1$. Mercury 0. 23K

\vo Barium 25 R 16, MNickel /0 R
S. Berylifus 2. S VPR 17, Potassfus 500 VA
6. Cadaiua 2. 5 VPR * .18, Seleafus o2 VFR
7. Caletum 50 vP. 19, Stlver SR

8. Chrouium 5 PR 20, Sodium 600 vf

9. Codalt _ Jovh 2i., Thalliue 5.0 VF

10. Copper 10 VPR 2. Tfa 15 VFR -

i1l. Iron 10 VP 23. Vanadium 10 VR

12, Lead 25 F. % 24, Itoe JO FR ¥ -

Cyanide _ 0.25 Parceat Soltde (3) _ [90-0

Pootaotess Por repoctiog ctesults €O EPA, etandacd cesult qualiifiers are used
as deflced oun Cover Page. Addittonal flags or footaotes explalaing
resulcs aze encoursged. Defianitlon of such flags must be expliete
sad contalned oa Cover Page, hovevete ]

Comeater _ . 100350

\—/ .

-
L ]

W —

S S S

3/-/%'
-~/ /

Lad Nanaget



|

i 'Q.s.'zu Coatract Ladoratocry Program EI_I:Q No. !
izple Manageneat office

i der 8 - Mematin B0 0 <2 24/

: (Red; Date _6 6. 7.5
| INORCANIC ANALYSIS DATA SHEET '
LAS SAME CHEMTECH CONSULTING GROUP ~CASE ¥WO. “4365
sowwo, ___78¢ | - |
LAB SAMPLE ID. 0. G2-42F -Jd QC REPORT NO. 47%
gleseots Tdencilied and Measursd P

Concentration? tov /[ Mediua i

Matrix: Water Soil [ $ludge Other

ag/L ot &/xg dcy v@(cucn Ous)

1. Aluaipus 7149‘?5'?- 13. Magnesius 11123‘] P

2. Antisony 27 VI % 14. Manganese 3%5 PR N

¢ Y. Arsente 38 FR - | 13, Mereury _ 0.30 R

M; Barfiua 220/ l F R  16e Wickel /! Lﬂﬁ

l S. Berylifum 2.7 PR 17. Potassiva & F
6. Cadatum 2 TUPR*% .18, Selenfus 2. F UFR

| 7. Cslefum iws [ A 19, ‘Silvar 56FR
8. Chromuium /5 PR 20. Sodium 658 vP.

‘ 9. Codalt ) VE. 21, Thallfum 5.5 UFE
10. Copper [[VER - 22. Mo /181 FR_
11, Iron - 20%56 P. 23. VYanadiua 38 PR
12. Lead 1£2 P % ‘24, Ifse 5% PR¥% -
Cyanide ___ 0.27V Perceat Soltds (%) 7/ R

|

\_

{
|
i
i

Pootmotess For repocticg tesults to LPA, etandard rasult quslifiers are used
as deffoed oa Cover Page. Addictonal flage ot foatnotes explalaing
cesulce ate ancouraged. Definition ef such flage sust ba explicit
scd coatataed os Cavar Page, hovavete o

100351
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1

3 4

1e Macageneat Office

i U.5. tPA Coatract Ladoratocy Peogras

forn I

EPA inylc Ho.

\‘f£8£ Sox 818 = Alexandris, VA 22313 ORictha | NEB. 243
703/557-2490 FTS: 8-337-2490 (Re; oate (-5- 73
. INORGANIC ANALYSIS DATA SHEET '
LAB KAME CHEMTECH CONS ue cast W0, Y965
SOW NO, 78Y - .
LAD SAMPLE ID. MO. & - ¢28 -0 QC REPORT MO, 478
fleaents [dentified and Measured .
| Concentratioas tov _J/ Mediua )
Matriz: Water / Sotl Sludge Other
Cagfler safkg dey vetghe (Cieela One)
1. Alustous /699 PR 13. Magnesium go6jo P
" 2., Antimony 50 VPR {4, Mangsaese 2063 R .
k/ Argenie [QJZ" VER 1S. Mereury  woT REQUESTED
8. Barfus SoUP 16, Nickel Jjo P
S. Berylifus S0P 7. Potasstum [79091 1.
é. Cadatum ¢.6 P .18, Salentus 5vF.
7. Calefus 3310 P 19. Silvar JO W
§. Chremfus 10 VP 20, Sodium 13930 F
9. Codalt [28PR 21, Thallfum JOVE.
10. Copper 20 VP, 21, Ta 30 UFR -
i1, Iron 6198 PR ¥* 23. Vanadius R0 U
12. Lead /e FSR 24, Zfac 358 P X
Cysaide po7 DREQUESTED ferceat Soltds ()

Pootaotess

l
‘' Coumgntsl

for reportiag tesults
as deftned ou Covar Page.
resulte ate eacouraged.

and coatafced ca Caver Page,

to LPA, standard cesult qusitfters are used
Additlonsl flage or foataotes explaining
Defiaition of such flags sust be axplicit

hoveverls . 100352
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|

forn L

#

N/ EPA Coatract tadocatorsy Pcogras leph Na.
ople Maald ezent Office
PR e e ) il
4 , g, ouee b= 12
INORGANIC ANALYSIS DATA SHEET '
3 §AME CHEMTECH CONSULTING GROUP ' CASE ¥0. __ 4268
soW NO. 784 o ' .
AB SA{PLE ID. H0. &2 - ¢28 -03 QC REPORT NO. i
glesents fdentified and Messured ‘.
Concentgations teov _ 7 — Mediva ....--——. |
accixs WVater / Soil Sludge Other

! ag/kg 417 veight (Ciccle Oue)

1. Aluatous [is31 2R 13, Magnesius gy P
() Ant{son 50 vPR 16 Manganese 355 FR .
3. Arsanie IOWR 1% Mercury neT = £QUESTED
4. Bartus 50 vP. 16, Bickel 20 Ul
S. Barylitus TV 17, DRotassive 5373 T
6. Calalun sl T .10, Selenius 5VF
7. Caletun (17800 2 19, ‘Splver jo P
8. Chrouius /0 VP, " 20, Scdlum 21900 £
9, Cobalt JOVPR - 1. Thallfus 0 VE.
10, Copper 20 vb. . 1, s ~ 30uFR_
11, Iroan 158 PR % 1% VYanadium 20 VP
12. Lesd 23 FSR 24, Mse 59 R% -
Cyanids NoT DREOUESTER | - lt_rctnt' soitde (1) ;‘
footnotess Tot geporting gasults tO 124, stendacd getult qualtflece are used
e deficed on Covet Page. Addgetonal glage of gootnotes axpleiaing
rasulcs are qncouragede Dafinitics of such flage gust ba expltetlt
\/cc aad coatained ot Cavet Pag% hovevele . 100353
l aneates ____ . -
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R

_« Contract b
Hanagenent ottice

fors 1

#

shoratory frogras

!S,. 2490 Fis: .‘557'1‘ 0 Qﬁi]it%i Date G—- g- rs’—-
. INORCANIC ANALYSTS OATA SHEET

l AME CHEMTECH cONSULTING GROUP CASE MO« __ 465 .
HO. m - ‘ '

| st to. ¥

centcat foa

I {xs WVatet

&2 - 428 -og’

oc aceont ¥o. 4728

and Measured

glcunu tdcuttttcd

tov/

[ senl —

gy velght (Cicele Cue)

Hedive
Ocher ‘

$1udge

I t ag/xg 4
_ Algstmus PR 13, Wagesiv® 0 W _
\_Atiscoy 50 U;R R Ll Manganese )5 VPR .
Argenic 10 UFR 1% Mercury __~l 2 EQUESTED
Sarfus 50 vP ~ 16, Nickel 20 VR
, Baryllius 5 b, ~ 17, Qotassii® jo00_uP.
Cadatum )’5 u]P 18, galenius SVF
o Calcius 5941 P 19, Silvef ' J0 7
Chroniua 1O V- - 20. Scdiun [1613. P o
)e Cobslt 200PR . Thallfud 10 UE _
)e Coppet 20 vp: ~ 21, M 30 UFR
i1t. Izos 05 P* o 13. _V_t_nldl.ul 20 VP o
3. Lasd 5VFR . LD ‘gise T s S
gatceat Solids (1) .

sl

Jootaotes’ fot
a8

Cysaide NOT pEBuUESTER

gegults co B2

A, standard gasul

-

!

gapocreing
deftced on Covet Rags. addtegonal glage of footnotes exP slaoing
regults ate eacouragede pefinitiocs of tuch flage Wt be explicit
acd coats aed oa Covet  TTLT hovavete
. 1!!!!3!“]".
L J

#" ——
. L.

Lah Nanaget



form ¢

‘ 'u.s.‘ LPA Contract Ladoratery Program EFA Saaple No.
%gzple Managenent Office
o) Box 818 - Alexandrta, VA 22313 . (A HEB 26
¥03/587-2490 FTS: 8-357-2490 (Heg;
‘ | . Data 6 - 5'- Ff
. INORCANIC ANALYSIS DATA SHEET '
l LAB SAMZ CHEMTECH CONSULTING GROUP CASE NO. SICE
oW HO. 734 _.
I LAB SAMPLE ID. ¥0. 52 - 479-OF | QC REPORT NO. __ 7%
l T . . Zlesents Identified and Measured .
Concentration: Lovw ; Medium :
Matrix: Water { Soil - $ludge Other
_ i or_u!tg dry veight (Ciccle Oue)
1. Atuatews [/231 PA 13. Hagnestus 6013 _F
2. Aseimony  SUVRR | 14, Maoganess 5 R .
y Yo Arsente JOSFR 1S, Mereury 0.2V
Mvs Barium 50 vR  16. Nickel 20 UP.
$. Berylitum 5 WP 17. Potassium £735 F
6. Cadatum 5= yp. 18, Selenfus 5VF
7. Calefus 5840 P 19, Silvar _Jo VP
§. Chrounfum 10 VP 20, Sodium 211600 £
9. Cobale 020 VPR 21, Thallfus /0 VF.
10. Copper 20 VP : 22. TIia 30 UFR
1 11e Irvem é)"l PR ¥ 23. Vanadium ) 4
| 12, Lead SUFR T [17) P~
Cyaaide 10V ferceat Soltds (%)

———

Pootnotess Por reportisg results te LPA, etandard cesule qualiffers ate used
g as deficed ou Covar Page. Addtetonal flags or footaotes explalaing
; resulte are eacouraged. Deffaftica of such flage wust ba expliett

aad coatstced oa Covar Page, hovevet. L 100355

; Commeates

' ui Nacager :/”



Form %

. 'u.s.. EPA Cc'mtnct Ladoratory Program ‘ [l_rnuplc No.
! -Sample Managezeat Office
0. Box 818 = Alexandria, VA 2213 -  onoina HeB Qo9 '
i 3/557-2490 FIS: 8-357-2490 {Red; Date _ﬁf 5 75
INORGANIC ANALYSIS DATA SHEET | o
f LAB SAME CHEMTECH CONSULTING GRQUP | CASE NO. ___ 49&C
SOV MO, 789 | ’
' LAD SAMPLE ID. MO. G2 - 479~ /0 QC REPORT NO. __</7F
] ‘ : ' Eleaeats Identified and Measured ’
_Concentratton: . Low Medium )

{Matctx: Water _ / Sotl Sludge Other

or sg/kg dry veight (Ciczcls Cus)

1. Alumigua l&'?i P’ 13. Magnastus ZZgi F

!+ Asnttwony 50 VPR 34, Manganese /5 VPR N
,3e Argente /O VFR - 1S, Marcury 0.4V
N/ Barius 50-uf 16, MWickel 20 UP.

S« Berylifum 5 Vp. - 17. Potasstua [265¢]F
'i. Cadatun 5 v 18, Selentus 5VF

7. Caletus §544. B 19, ‘Stiver JoF

lo Chromtum 10 UP. 20. Sodtum w35 r

9. Cobdalt 20 VRR 21.. Thalifum /0 VE

O. Capper 25 P : 22. Tia SO VFR

11. Iren 166 PR X 23. Vanadiua 020 VP,

2. Lead SUFR 24, 2fae S50 P X% -
Cyanide /]. 0 Perceat Soltds (X) | -
~00taotess Por reportisg cesulte to EPA, standard cesult qualiffers are used

‘a8 deftoed on Cover Page. Additfonal flage ot footustes explefafng

resulcs are encouraged. Definfctca of euch flage must be explictt

and coatafaed oa Cover Page, hovaevar. .
100356
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fore X

(= ]

-~

f u,8, IPA Cootract Ladoratory Progras

vnplc Msoageoeat Office
‘0. Box 818 = Alexandria, A 22313
703/357-2490 FI82 8-557-2430

LAS fAMEZ CUEMTECH CONS ("] uP
Sow MO, 784

LAS SAMPLE ID. NO. (53 - ¥7%- 1

1 Concentratioas
Mateix: Water Soil
or ag/kg
i 1. Alusious 245 7K .
2. Aat{mony 50 VPR
\_" Argenie 10 VFR °
&, Barfus 500
I S. Berylitus 5 .
6. Cadaius 5 JP:
7. Calcius 983) P
8. Chronium /R 7.
9. Cobalt 20 PR
10, Copper 20 vP.
11. Iton 2971 PR *
12, Lead 5VFR
| Cysotde _____ 0V
Pootaotess Por reportiag tesults to
as deficed on Caover Page.

cesulee are eacouraged.
§

! Commqatet

INORGANIC ANALYSIS DATA SHEET

Zlesents Idencified and Measured
Lov -,/- Mediun )

De
gal coatataed ea Covar Page,

EPA Saaple No.

RIGINAL
. 0 {Red} MCEB
Date _( - ; - Z;
CASE WO. __ #35€

Sludge Other
dry velight (Ciccls One)
13, Maguesius 77
14, Mangsnese )61 rRR "
tS. Mercury 9.2V
16. Nickel 20 VP .
7. Porssstve _ [3330F
.18, Seleafus Y _
19. Silver Y/ 4
20, Sodium J2950 F
21, Thalltus 10 VE
22. Tia 30VER
23, Vanadium 20 VP
24, 2ice 68 P ¥

Parceat $oltds (%)

cesult qualifiers ate used
¢ footuotes explaiaing

flage l-lii (m 35‘}!61‘

grA, ectandard
Addictonal flags ©
f{attton of such
hovevele

\_

|

A —
”1
L

!

A

Le) Nanagaet



£

Y L .
3 *U.8. EPA Coatract Ladoratory Prograa

\_‘anpu Managesent Office
,0. 8ox 818 = Alexandris, VA 22313

! 703/557-2490 FTS: 8-357-2430

Form I

EPA inplc No.
MNeB., 3]

Date __6—5- YS

. UK ivAL

. (Req

INORGANIC ANALYSIS DATA SHEET

LA fAME CHMEMTECH CONS up

SOW HO. 78y
LAS SAMPLE ID. NO. G2 - ¢2F ~Of

CASE KO, __ Y365

QC REPORT NO. __¥28

Zlesents Identified and Measured

Concentcation: tov V Medium :

Matrix: WVater { Soil Sludge Other
! or wg/kg dry veight (Citcle Oue)
! 1. Aluaious Jiss] 2R 13, Magnesfus g340 P

2. Aatisony 50 PR 14, Mangsnese - 358 PR .
:\/l. Argenic 114 ﬁF vFR 1S. Mercury  woT REQUESTED

4. Barfum 50 VP, 16, Nickel 20 VP

S. Berylifum S 17. Potasafum 5558 P.

6. Cadaiun SvP. " .18, Selentus __E\/F

7. Cslefus /22.300_ P 19. ‘Silver 10 VP

8. Chroufus J0 VP 20, $odium 21980 PR

1 9. Cobdalt 20 VAR 21, Thallfus /0 U

10. Copper J0 VP 22. Tia 20 UFR

il. Iron 1Y PR * 23. Vaoadium 20 UF.

12. Lead 5HR 24, 2ise 139 £k -

i‘ Cyanlde NeT PEAUESTED Perceat Soltds (2)

Tootaotess For reportiag results co BPA, steadard casule qualifiere ate used
as defined oan Cover Page. Addittonal flags ot footmotes explaioing
tesulcs aze encouraged. Definicton of such flage must ba explieft

sad coatasiaed oa Caver Page, hovevact. 100 358 |
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e

“ Virginia’s
Endangered =
Species

S

Brown pelican, southern bald eagle. peregrine falcon, red-cockaded woodpecker, Bachman’s warbler, gray bat,
Indiana bat. Delmarva fox squirrel, eastern cougar, Atlantic ridely sea turtle, hawksbill sea turtle, leatherback sea
turtle, loggerhead sea turtle, shortnose sturgecn, tan riffle shell mussel, Appalachin monkeyface pearly mussel,
birdwing pearly mussel, Cumberland monkeyface pearly mussel, dromedary pearly mussel, fine rayed pigtoe peariy
mussel, green glouom pearly mussel, rough pigtoe pearly mussel, and shiny pigtoe pearly mussel.

! ' 100360



EREL

T

OFFICIAL VIRGINIA ENDANGERED L5y,

L I s TR - ¥,

s

ENDANGERED SPECIES REFERENCES

VETERBRATES AND MOLLUSCS eq) S
Species Scientific Name Status

Birds: : .

Brown Pelican " (Peiecanus occidentalis) Casual transient - e

Southern bald eagle {Halineius leucocrphalus) Resident, coastal

Peregrine falcon (Falto peregrinus) Migrant transient

JRed-cockaded woodpecker {Dendracopws borealish Resident-S.E. Virginia_

Bachman'’s warbler {Vermivors bachmannii) * Transient-N. Virginia
Mammals: o

Gray bat {Myotis grisescens) Western Vicginia

Indiana bat (Mypiis sodalis) Doubtful, 5.W. Virginia

_Delmarva fox squirrel {Sciurns miger cinereus) - Eastern Shore S

Eastern cougar . (Felis concolor cougar) Doubtful ..
Reptiles: : . ' “

Atlantic ridely sea turtle {Lepidachelys kempie) Atlantic Coast

Hawksbill sea turtle {Eretmochelys imbricala) Atlantic Coast

Leatherback sea turtle (Dermochelys coriaces) Atantic Coast

Loggerhead sea turtle {Caretla careita) Adantic Coast
Fish: '

Shortnose sturgeon {Acipenser brevirustrum) Atlantic Coast ’ g
Threalened: i ) 1

Yellowfin madtom {Noturxs flavipinnis) S.W. Virginia _

Spotfin chub {Hybopsis monacha) S.W. Virginia A
Molluscs: }

Tan riffle shell mussel (Epioblasma walkeri} Middle Fork,

_ Holston River

Appalachian monkeyface pearly mussel {Quadrula sparsa) S.W. Virginia

Birdwing pearly mussel {Conradilla caelata) S.W. Virginia

Cumberland monkeyface pearly musse! {Quedrula intermedia) S.W. Virginia

Dromedary pearly mussel {Dromus dromas) S.W. Virginia

Fine rayed pigtoe pearly mussel (Fusconaia cuneolus) §.W. Virginia

Greenblossom pearly mussel {Epioblasma torulosa gubernaculum) S.W. Virginia

Rough pigtoe pearly mussel {Pleurcbema plenum) S.W. Virginia

Shiny pigtoe pearly mussel {Fusconaia edgariana) S.W. Virginia

Endangered and Threatened Wildlife of the Mid-South-—North Carolina Agriculture Extension Service
Endangered Species Symposium —Virginia Polytechnic Institute and State University

Endangered Vertebrates of Virginia—Wayne Russ thesis—VP]&SU
The Red Cockaded Woodpecker—General Report SA-GR7 USDA
At The Crossroads—16 mm film
Endangered Species of the U.S~-U.S. Fish and Wildlife Service— 80 slides & script
Endangered Species—How and Why?~U.S. Fish and Wildlife Service—80 slides & script
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Species

"Of the world’s species known to have become extinct,
more than two-thirds have disappeared during the twentieth
century alone. Extinction of certain species is inevitable, as
the process of natural selection opens up niches for some
species while closing up the niches of species unable to com-
pete or adapt; however, this process is usually a slow oneand
it is clear that more than natural causes are responsible for
the rapid rise in extinction rates during this century. Recog-
nizing this trend, and concerned over the threat it poses to
the maintenance of natural diversity and a gene pool for
future generations, a variety of groups concerned with the
environment have promoted such concepts as habitat pres-
ervation, wilderness areas and the protection of endangered
species. State and federal governments as well as the private
sector have responded in'a variety of ways. The Endangered
Species Act of 1973 provides a program for the protection of
species considered to be endangered or threatened with
extinction. The act requires the Bsting of endangered and
threatened species according to specified criteria, prohibits

* “taking” of any listed species and encourages the preser-
n of their habitats,
The terms “endangered” and “threatened” are used rather

loosely these days, sometimes for sensationalism and some-

times out of ignorance. A definitiqn of terms isimportant and
a group of experts meeting at Vifginia Tech in 1976 agreed
upon the following: -
Endangered '

A plant or animal whose prospects for survival are in
immediate jeopardy; in danger of extirpation and/or extinc-

tion throughout all or a‘significant portion of its range in
Virginia. Also includes those plants and animals on, or being
considered for inclusion on, the U.5. List of Endangered Fauna and

* Threatened Plant Species of the United States, as provided under the

Endangered Species Act of 1973. (Public Law 93-205).
Threatened ‘

A plant or animal which is likely to become endungered
within the foreseeable future throughout all or a significant
portion, but not yet considered endangered. Alsoincludes those
plants and animals listed under the provisions of Public Law
93-2085.

Special Concern

A plant or animal which should be continually monitored
{a) because it exists in only one or a few small geographic
areas and/or is rare (low population density) over a relatively
broad range; (b) because its existence may become endan-
gered due to the destruction, drastic modification, or severe
curtailment of the habitat; (c) because certain characteristics
or requirements make it especially vulnerable to specific pres-
sures; or (d) because of other reasons identifiable by expe-
rienced resea chers. .

Status Undetermined )

A plant or animal that has been suggested as possibly -
threatened or endangered but about which there is not enough
data to accurately determine its status.

'Recently Extinct or Extirpated

A plant or animal which recently occurred in Virginia, but
which nolonger exists in the state as determined by historical
documents and/or knowledge of experts. O
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The red-cockaded woodpecker was once a common bird in
the mature pine forests of the Southeast. It lived from east
Texas to Florida and north to Missouri, Kentucky and Mary-
land. Today, its range and population have been reduced
through loss of habitat.

This bird may soon become the victim of its own enigmatic
way of life. Over-specialized to the extreme, it nests only in
pines infected with a unique fungus disease. This affliction, red
heart fungus (Fomes pini), decays the heartwood, but does not
kill the tree, thus furnishing the woodpecker withideal nesting
sites and a plentiful food supply. Strangely, the bird cannot
seem to adapt to other ecological conditions. '

In preparing a cavity for nesting, the red-cockaded wood-
pecker flakes away the bark several feet above and below the
cavity entrance. Perhaps the smoother surface makes it harder
for snakes to reach the cavity. Scattered about the trunk near
the cavity entrance, numerous smalt holes called resin wells are
chipped through the bark. Resin flowing from these holes
eventually coats the trunk with pitch. Birds regularly peck at

sin wells to stimulate resin flow.

The red-cockaded's ideal tree must have enough heartwood
to contain a roosting chamber. A chamber in sapwood would

1
¥,

£ill with resin. Heartwood is quite hard, but a high percentage
of cavities is found in pines infected with a heart rot fungus

called red heart. This fungus weakens the heartwood and

makes cavity excavation easier. It often thekills the tree, to the
_dismay of foresters. o

Much of the South has been cleared for agriculture or other
uses incompatible with the needs of the red-cockaded, and the
remaining pine forests are not suitable for it. Each year, more
areas become unsuitable. Because of the drastic loss and con-
tinued decline of habitat, the bird is considered in danger of
extinction. ° ' - :

In 1970, the red-cockaded was declared an endangered spe-
cies. Mitchell Byrd, of the biology department of the College of
William and Mary, has expressed serious concern over the
chances for recovery of the red-cockaded woodpecker in Virgi-
nia, as habitat analyses reveal that only two to five percent of
Virginia counties currently have timber of an age that would
support colonies of the bird. : .

Since it was declared an endangered species, the red-
cockaded has the same protection given the better-known bald
eagle and whooping crane. But protection alone is not enough.
On federal and state lands, forestry practices are giving the bird
a better chance for survival by creating a on favorable habitat.
Other landowners can take positive steps to their enhance its
survival, especially if the red-cockaded already lives on their
land. In cooperation with the Union Camp Corporation, a

' acres has been established
WMSMLTM . Byrd and his col-
leagues will then have ampie time to study the foraging habits,
hesting activities, and habitat requirements of the bird.

- Among woodpeckers, the red<cockaded has an advanced
social system, These birds live in 2 group called a clan. The dan
may have from two to nine birds, but there is never more than

" one breeding pair. Young birds frequently stay with their

parents for several months. The other adults are usually males
called helpers.

Extensive surveys in Sussex, Surry, Isle of Wight King

on, and Brunswick Counties as well as

And g ;;dgat; tudents to determine the status of the red-
gockaded woodpecker (Picoides borealis) in these areas. More than.
40 sites with one or more cavity trees were located; however,

many appeared inactive. Eight of 10 colony areas are active in
Sussec County.,

The red-cockaded is slightly larger than a bluebird. The back
and top of the head are black. Numerous small, white spots
arranged in horizontal rows on the back give a ladder-back
appearance. The cheek is white. The chest is dull white with
small black spots on the side. Males and females look alike,
except males have a small red streak above the cheek, visible
only with a powerful binocular in bright sunlight. O
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