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I S A Y R E & ASSOCIv
DECEMI

E 1.0 QUARTERLY SAMPLIFre-RESULTS OF
GROUNOWAtEBJKND SURFACE
WATER

F 1.0 TJ^ST^OUANTITYfcALCULATION F-l

G
THE VIRGINIA

N G-l

H ——U<N^ELL^£$T INFORMATION REPORT H-l

I / 1.0 O^blTVASSURANCE 1-1
»PORT DOCUMENTATION

LABORATORY DATA SHEETS J-l

K v 1.0 VIRGINIA'S ENDANGERED SPECIES K-l

Y
i iu 100131



L-
SECTION 1

i

r 100132

I



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

Contract No. 68-01-6699. This specific report was prepared in accordance with
Technical Directive Document No. F3-S503-29 for the C>& R pattery site located

V , 1-0 INTRODUCTIONi
l-l Authorization

NUS Corporation performed this work under Environmental Protection Agency

i
_ in Chesterfield County, Virginia.

1-2 Scope of Worki
NUS FIT III was tasked to conduct a site inspectiory6f>0>eC & R Battery Recycling

I site, which is located just south of Richmond, VJ^mia./Specific elements of the
TDD are detailed in appendix A of this rb̂ ort. It/s significant to note that

I considerable information applicable to the C & RsBatterYssite has been developed
by FIT III and reported to EPA und^rpr^7i«ufi7'DDsNsR^ler also to the following

„ reports for additional information^: preliminary assessment report, TDD No. F3-
±^/ S407-32; non-sampling site reconrtfcissar̂ p" re»ocK TDD No. F3-S502-13; and

Hazard Ranking System repqrĵ Ĉ D N\ F3-85̂ 5-37.

1.3 Summary

On April 23, 1985, Fi*NJlI personnel, accompanied by Pauline Ewald and Kevin
' Greene, of the Vfr^inia^^^&xHeal^Department, visited the C & R Battery site

for the purpose of Gdfwtyctin̂ heSj/te investigation as tasked.

The subjecKsite, a ><ac/e, larased property, was used by Mr. Charles Guyton of
Richmond, Virginia, fro-n the early 1970s to mid-19S5. Activities on site have been
conclusively identififed/ds the reclamation and recycling of lead and lead
compounds fro-n 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 se/eral
laborers under the employment of the site proprietor, Mr. Charles Guyton.

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

V, Generally, on-site activities included the receiving of bulk shipments of discarded
I 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.

The Virginia State Water Control Board (VA SWCB)/as^een involved with
monitoring site activities since the late 1970s. According tq^Mr. Charles Stitzer,
of VA SWCB, during the approximately 15-year operation of thesite, large volumes
of batteries have been processed. Reports have betenofadex^hat puts of crushed
battery casings, in excess of 20 feet in heightj^nave^eriodically^^ee^j observed on
site.

The regulatory history of the site is somewhat comprex. VA SWCB has initiated
numerous actions including a court-ordered Consent Injunction for the submittal of
a site wastewater management anu recTarftation plal̂ /Folio wing several court
appearances and the submittal an&resubmittal of reqOh-ed plans, the site, up until
closure in 1985, never reached com̂ anc®v̂ 'n5'r̂ J'o*n*a Occupational Safety and
Health Administration (VA QS44A) hasNalso hasf extensive involvement at the site.
According to Mr. Richard'Anderson, of VA OSDIA, between 1978 and 1983, several
cases of confirmed leXd in̂ oĵ ationnâ g./oeen reported by physicians of site
employees. VA OSl̂ A hasSssued̂ fM̂ es in excess of $60,000 to Mr. Guyton, for
noncompliance with existing worl$er safety codes.

As of the datte ô -pû Daratron ô this report, VA SWCB has reported that Mr.
Guyton ha/ abandoned tn)e ba-jtery recycling facility and has reportedly left the
state of Vi?]

The area within whlfeh/fhe site is situated can be characterized as scattered
residential and industrial. There are numerous homes within a 1-mile radius of the
site which utilize private wells for drinking water sources.

1-2

100134



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

v, A review of available geologic information reveals that the site area is situated
i 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.

I On-site soil samples collected by FIT III revealed high levaH^pf several inorganic
1 priority pollutants. Groundwater samples drawn from op^siteymonitoring wells by

FIT HI have also exhibited qualitative evidence of/norgant£ priority pollutant
I contamination.

I From a toxicologic/human health assessment standpoint, the geror̂ uion of lead-
contaminated dusts from the site may be of/potential health concern to residents

I living in the surrounding area. If untreated^shalloVgroundwater directly under the
* site was used as a potable water source, a hi {̂ carcinogenic risk, along with risk of
1 kidney damage, hemotological problems, and abirte gastrointestinal problems,

exists. Samples collected from 3 iWrne welTs^wHtunl mile of the site exhibited no
inorganic compounds at levels whiHl'i ma^pose human7 health concern. However,

V> elevated levels of sodium were identitied irVl hom"e"wwell. The home owner should
be notified of these levels.

1-3
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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 Jeet east of Interstate
95. The site is within Chesterfield County, at 37° 25' OU/latifcide and 75° 24* 56"
longitude on the Drewry's Bluff, Virginia 7.5 minute/United States Geological
Survey (U.S.G.S.) topographic quadrangle maps (seê igures 1 30̂ 2 in appendix B
for site location maps and sketches).

2.2 Site Layout

The site consists of a battery processing s&w/shredd̂ r designed to separate and
recover lead from discarded auto and truck DatteriesX The battery crusher
machine, reclaimed materials, waste rnateTtalŝ ând aWsQ̂ ner related activities and
equipment are confined to a single\rea ofjipproximat^ly * acres.

•-w'
slopes generally 3 to 5 percent to

located within the south central
ent area is also located within the

I central area of the sfte, adj&eent t̂ Hlje battery crusher. Material stockpile areas
(both reclaimed lead ahd scraprsare located just west and north of the battery
crusher. Acco&dTng toMO&tiarles^Guyton, the site operator, and available site
diagrams asyprepajscĤ y pritate^onsultants under contract to the operator, the
battery crasher ̂ as beert constructed on a large concrete pad (see appendix B,
figure 2). rte Jatera^eXtenyof this pad and its structural continuity could not be
field verified sinbe it was buried by battery casings and soil.

The site is basically a recta
the southeast. The bawry brea
portion of the lot.

2-1
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Site Name: C & R Battery
TDD No.;. F3-85Q3-29

('"•..•
The site is bordered on the south and west by open fields and wood Jots. Capital
Oil Company, a small fuel oil distributor, borders the site on the east. North of the
site are residential properties and the 3ames River. Adjoining terrain is generally
topographically similar to the site, with the exception of the Drewryfs 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 higtj bluff overlooking the
3ames River.

2-3 Ownership History

The 4-acre parcel on which the battery breakei/is situated is cbcren/ly under the
ownership of William and Edward Zachariaŝ f RichcrTbqd, Virginia. Information
pertaining to site ownership prior to the Zachafta^brptners1 involvement has not
been determined for this report. Mr. CharleXGuyton ̂ nted the property and had
done so since he began operations at the site in I1

2.* Site Use History x ^̂

According to Mr. Guyton, bai*«cy recycling activities at the site began in 1970,
Products and waste matecfals generated 9y thiyoperation include lead sulfide, lead
oxide, lead, plastic battery .caslpg mateh^Iy and sulfuric acid. Prior to 1970, the
site had no specific ra anaSyas dpaê bed/oy Mr. Guyton as a wooded vacant lot.
Generally, on-site activities related to the operation include bulk/whole battery
storage, batteryprocessh\^Xo recolrer lead and lead sulfide, waste materials
stockpiling, r/cove^e4^materials stockpiling, and materials loading and shipping.

Evidence whidi indicX^the (possible use of the site for activities other than those
described aboveNias not been developed. Mr. Guyton, though present during the
conducting of previo>*$ypreHminary assessments and site reconnaissance field
investigations, was not present during the site inspection. In fact, the site was
abandoned at the time of the April 23, 1985 field visit. VA SWCB has reported that
Mr. Guyton abandoned the site, ceasing operations permanently earlier that
month.

2-2
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Site Name: C & ft Battery
TDD No.: F3-8503-29

NS*~ -•' 2-5 Permit and Regulatory Action History

I
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.

State; VA SWCB has had extensive involvement/with the srts-beginning in the
late 1970s. Generally, orders for the submissfboo/ aSmastewater treatment
permit application and a site reclamation pfcn have bean issued to the
operator. Upon several submissions si pr̂ po&d reclamation plans and
amended permit applications, the preratiô /wasŷ iever declared to be in
compliance. Subsequent court ordersSJiad bee^ issued and several court
appearances had been made in relation to tnfevVA SwCJB's attempts at bringing
the site into compliance. As o/ihelcTtesJ^date ofxsSife operation (early 1985),
compliance had not been achieved. VA SWCB noted serious concerns over the

\ vS /financial stability of C & R Batt\ry anxj/ts û rtiorate ability to assume the cost
of reclamation.

VA OSHA has alsp hacKexiensive inxoVement with the C & R Battery site.
According to M«^Richa>eAnde«^n,pi VA OSHA, his first inspection of the
site in 1983 revealed numerous violations of current OSHA standards. Air
monitorinB^fthe bre"2k̂ ftiqE zonMDn site at several work stations had indicated
conditions weJl-atiDve tnt ejSaring standard (standard for lead is 50 ug/cubic
metew. Levels had peen measured at ranges from 50 to 112 ug/cubic meters.
Additionally, employees/t the site had been found to have elevated levels of
lead in bloo^Ksampies./According to Mr. Anderson, excessive fines have been
issued to the opeYâ or 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

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, 198̂ , VA SWCB had received several amendments to the proposed
site reclamation plan, but had not approved any submission. Curing some time in
late 1983 or early 198̂ , the operator took it upon hjfriself to inhiate reclamation.
According to the operator's reports, battery casirjesNha'd Bben removed, surface
soils had been excavated, lime had been applies, an/ a clay capstjajf been placed
over the northern area of the site.

(It should be noted, however, that during hahd augerin^ sample collection on site,
FIT III observed buried crushed battery casings iivSl!locatibss. Refer to sections 4
and 5 of this report for more detaiiypertalfrtng^totheseNoJrfservations. The southern
and central areas of the site haveVnot received anynemedial work (see appendix
C).)
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Site Name: C & R Battery
I TDD No.; F3-8503-29

^^ 3.0 ENVIRONMENTAL SETTING : ,

3.1 Water Supply

I
Water supplies for the population within a 3-mile radius of the C & R Battery site

I a r e developed from both surface water and groundwater^sources. The areas
situated west and south of the 3ames River are serviced py the Chesterfield

. County Public Utility Water Service Department. Sourceŝ or the Chesterfield
I County supply system, according to Mr. Harold Anderson, wat^sworks supervisor,

are developed from surface water sources, all of ̂rtî Jŷ reSocated outside of the
I 3-mile radius around the C & R Battery sitey Available wateXJioe distribution

maps indicate that the vast majority of this apea/fesserviced by water main
1 extensions. However, several small residential xtavelopments within the area do

not have water line extensions and thereforeMepend on^rivate wells.

" An attempt was made to identify ine loc^twosof thfc$e/nome well areas through
interpretation of water line distribution maps7̂ 5j* provided by the Utility

\^/ Department, through subsequent \̂ elepfĉ ne y«oover sat ions with the utility
department personnel, and tjjpwgh a daor-to-door survey made under TDD no. F3-

1 8502-13. Figure 4 in appendix B represents theyfeummarized results of this effort.

1 In an attempt to ideinify waw supplies f^r those areas situated north and east of
the James River, thex^Henri(^County Utility Department was contacted.

• According to A/ny WajcIeXnH^ski, ar^ employee of the utility department, county
" distribution Jdnes tie-̂ ot ex«nasi*<to the area encompassed by the 3-mile radius
. around the/fc & R^BatterJI site) Residents within this area utilize private wells for
I domestic

r
i
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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 vicinity of the C & R
site. Low flow during summer months precludes macroinyertebrate and other
aquatic animal life in the ditch. Likewise, there are /\Q w^ter intakes either
upstream or downstream from the C & R Battery site./The stream gradient, from
the C & R site boundary to the discharge point, averages approximately 6 percent.

3.3 Geology and Soils

The Soil Survey of Chesterfield County, Virginia fa/fcatê  that original soils within
the area occupied by the C & R Battery siteare ofXhe Pamunkey loam, 0 to 6
percent slope, soils mapping unit. The Pamunkey^oil seHes is described as deep,
well drained, nearly level to moderytelysteefa^oils. î ê e soils are also described
as having moderate permeability .̂,,—. ̂^

Surface soils were observed>d«ing tn>e FIT Iff field investigation as light brown
sandy clay. Numerous a/eas of dkcolor^d sou, including dark red stains, purple
powdery stains, and cj'iy a/dNvhitesuhi^/fike soils were also observed. Hand
augering during sai/ple cbl)ectic>n--*̂ evealed sandy clay soil to a depth of
approximately 8 inchesX^rusheftvbattery casings were observed at 8 inches in all
auger holes.2 f^

A geotechnical 4tudy oi theJC & R Battery site was prepared by Sayre and
Associates^Srf Richrtx^n/, Vireinia, in December 1983. This study included the
advancement ofSt exploratory borings, 2 of which were developed as shallow
peizometers-monitonh£/ 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).

•̂ •̂1
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Site Name: C & R Battery
TDD No.: F3-85Q3-29

A review of the logs developed from the borings associated with the Sayre '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 (1 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 ttuck layer of gray clay
with brown sand seams exists under the surface layer. Berfeatrythis clay, at depths
of up to 27 feet, there is a layer of sandy clay. Under ine safely clay, there is a 10
feet thick layer of fine to coarse sand. At 37 fee*̂  coarse sahd and gravel was
encountered. The deepest coring on site reacbeĵ sÂ  fee<. Bedrock was not
encountered at that depth.* / y >v /

A log of a test well, located approximately SjiQ/feet/northwest of the C & R
Battery site at the Fort Darling National Park, qndicates the presence of
alternating layers of sand and gravel, sandy ghavel anoxclay, and clay. These
materials make up the overburden, i^icneJrt«a4sto aM^pth of 176 feet. Basement
rock, extending from 176 feet to roe bottom of thewSil at 205 feet, was recorded
as red granite. The well was cased to\a dep̂ /of VM^ieet. A screened interval was
placed at 90 to 105 feet belo>*-4be surrace. Water was encountered in this well at
both 90 and 18* feet.* / I \ /

Physiographically, th^site fte/atyHrevWeŝ ern edge of the Atlantic Coastal Plain,
within the reworked flood^plain oK^he James River. The Coastal Plain Province is
described as ap̂ ŝtwaro*ly/stlnckenî g and dipping sedimentary wedge composed
principally o£/uncop9«ti<Jated gravfcls, sands, silts, and clays. These deposits rest on
a rock surface (B^sementjComilex) that also slopes gently eastward.

Available information frocn geological publications indicates that the site is
situated over the PotNqy(c Formation of Lower Cretaceous age.̂  The Pototnac is
described as consisting of alternating sequences of fine gravel, coarse sands, and
silty to sandy clays.5 Beneath the Potomac is Precambrian basement rock. The
basement rock is described as a complex of schists, gneisses, granites, and
intrusives.^ The upper surface of the basement rock is highly weathered, forming a
cover of saprolite.

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

i 3.4 Groundwaters

A recent publication (198*), 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 goalsof the report were to
identify and define the regional hydrogeologic framewonc o^the Coastal Plain

I sediments of Virginia and to further describe the subsuĵ ace ̂ oastal Plain geology
and hydrology.^

The publication includes a detailed descriptio/f of^each majorxamrffer system,
delineated and defined throughout the course /o j/Si *-year intensive field
investigation. The investigation included/ the ̂ /fewyof hundreds of well logs
applicable to the 13,000-square-mile study ataa, The report is very recent and can
be considered to supercede previously published imormatic

The described reference indicates\that 3 distinctactoifer zones exist within the
Potomac Formation, the upper, lower, anoŝ ddl̂ ûifers. Each is segregated by
a confining clay layer within^the eastern and ̂Southeastern area of the reference
report study area. FIT IlKs interpretation of «tis report indicates that the C & R
Battery site is situatedywithiKlne oitcrofx̂ ^ of the middle Potomac aquifer unit
(see figure 5, appendix B). rtje crosŝ sectL̂ i in figure 5 was developed through the
interpretation of geologic d esc rijî i on s and corresponding structural contour maps
included in the r

I The thickn^s of4j"ie midale Patomac aquifer within the limits of the 3-mile radius
around the sî e rangeXJn/m 0 /eet dipping and thickening to 150 feet to the east. 5

The reference reporrSQdjcates 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.
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Site Name: C & R Battery
TDD No.: F3-85Q3-29

It is therefore concluded that the principal aquifer of concern is the middle
Potomac sands and gravels. ̂ 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 saprolitic cover are, in part,
recharged by the overlying materials, the crystalline compleV^is also included as
part of the aquifer.

From the site, extending north and eastward, th£ upsfelxlayerŝ oi the middle
Potomac aquifer are truncated by the James RiyervvThe thicKitess of the middle
Potomac, however, is such that lower layers o/ the-â quî er extend under the river.
The eastwardly dipping and thickening of ttyf forntfatron places the middle Potomac
aquifer at increasing depths east of the sitex^Correspojraingly, the middle Potomac
confining layer also thickens to the east,

A ^,-For groundwater contaminants originating at the C"*-IL Battery site to affect wells
located east of the James River, they rnuST"Be drawn/vertically down over 60 feet
and then horizontally over distances greater than 1 mile. In addition, contaminants
would have to cross the hydrologicvdrainage divide produced by the James River.
Therefore, it is concluded thatS.ittlâ prt̂ B̂ jJî y exists for wells located east of the
James River to be af/ecteAsbVthe site. A? such, the population served by wells
drawing from the mid&e Potomax: aquifer, saprolite, and crystalline rock, located
within 3 miles ojxtte'sTtê R̂  wesi^ the James River, will be considered as the
target populai

3.5 Clima

The study area is lb>sated/in an area which experiences warm summers and mild
winters with an average annual temperature of about 57°F. The normal annual
total precipitation ranges from 32 to *& inches and the mean annual lake
evaporation for the area is *0 inches. Net precipitation, therefore, ranges from 0
to 8 inches annually. The prevailing wind direction is to the south.

3-5
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Site Name: C & R Battery
TDD No.: F3-8503-29

3.6 Land Use

Land use within a 1-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 inactive, reclaimed Fort
Darling Landfill is situated approximately 1,750 feet west 9* the site. Several
private residential homes are located just north of the^ite, adjacent to the James
River.

The 3-mile radius around the site can be characterized as >»eavKy developed
residential, commercial, and industrial withm the' w&tern portion of the study
area. In particular, the 1-95 Richmond-Petersbur^JrurnoiKe corridor, which bisects
the western portion of the study area, is a heiyily developed commercial area. The
*00-acre United States Defense Supply Center rSsSituate>i approximately 2 miles
due west of the site and several Ci/il Waf̂ Kistoric national parks are interspersed
within the study area. Those laK̂ s located east ot^the James River within the
study area are mostly residential.

3.7 Population Distributi

The population dis/ributiohy witWwxthe/ 1-mile radius of the site can be
characterized as generally spars*- Available current U.S.G.S. topographic maps
indicate approiiil^telyS^Njpmes ^or 300 persons residing within this area.
Population dL̂ tributrtRsbecornes v*vy dense within the eastern and western portions
of the study area. Census tract maps have not been obtained for these areas, and
current U.̂ KLS. topographicyriaps depict residential developments as color-shaded
areas, indicativeNof home/aevelopment which is too dense for 7.5 minute map
representation. UndeXtbese considerations, the total population within the 3-mile
radius of the C & R Battery site cannot be determined at this time.
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Site Name: C & R Battery
TDD No.:- F3-8503-29

3.8 Critical Environments

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 1 mile.

The official "Virginia List of Endangered Vertebrates andyMolfihcs" includes only 1
species (the red cockaded woodpecker) as ranging within me area of the site.
Sightings of this species, however, are limited to the/counties sbuth and southeast
of the Chesterfield County (refer to appen̂ ix\K/fo>\endan̂ red species
information).

As previously described, there are numerous hî o/ic Civil War battlefield parks
within the study area. The Drewry's Bluff For^ Darling Park is situated
approximately 2,600 feet northwest of the site anoN^he Redmond National
Battlefield Park is located across ^Ke JartTe*JJjver, approximately 2 miles east of
the site.

Finally, the James River itseiî an bfe considered within this section due to its
recreational value. According to If iver ̂ VaysJNaturalist Ralph White (Richmond
Department of Parks apra Re£rl&tion)7tn̂ ĵ mes River within the vicinity of the C
& R Battery site is uied extei^fvely^bupleasure boaters and fishermen.
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TDD No.: F3-85Q3-29

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

r
i

4.0 WASTE TYPES AND QUANTITIES

Based on the previously described on-site operations, a review of analytical reports
I 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. For analytical results of
t /^vi samples collected on site (which details concentrations ot> inorganic priority

pollutants) refer to section 6 of this report. For tqjGcoIô ic considerations of
; existing contamination, refer to section 7 of this rept

WASTE CHARACTERIZATION

WASTE / <y / ESTIMATED
WASTE TYPE LOCATION \CONTAIHMENT QUANTITY

raw lead southern and operxbarrelsTs. variable based on
central area^^^trailertcuck^f production;
of the sit̂  ^̂ yttet̂ ^ x/ probably low at

present time
since facility is
abandoned

various lead .Xfistributedl _ \ n/5 containment unknown
compounds and
miscellaneous
inorganic priority
pollutants

lead-contamiXatedx—-x. distriburea over no containment 170 tons (see
soil / / he sqfe area appendix F)

lead-contaminated under site area; no containment unknown
groundwater \^ extent of plume

Cot identified

sulfuric acid south central area storage area but unknown
of site no continuous

containment

agricultural northern area of no containment 150 tons (see
grade lime site appendix F)

istribute
over entire
SIT€ area
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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

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

5.0 FIELD TRIP REPORT

5.1 Summary

On Tuesday, April 23, 1985, FIT III team members Richard Gorrell, Edmund
Reardon, Edward Helmig, Thomas Pearce, and Robert Wewer visited the C & R
Battery site to perform the site inspection as tasked. Accompanying the FIT team
were Kevin Greene and Pauline Ewald, of the Virginia Ŝ ate Health Deparment.

Upon arrival at the site, a pre-sampling reconnais§ahxVof the site was performed
to familiarize FIT sampling personnel with proriosed^ample locations. Following
this reconnaissance, background samples >verey^^athed and on-site aqueous
(groundwater) and soil samples were collected. >Concu/rent with on-site sample
collection was the collection of off-site upgra^ient and^owngradient home/private
well samples.

In all, 12 aqueous and 11 solid samples ŵ r̂e obtained^?ncluding blanks, duplicates,
and filtered groundwater samples.

On-site conditions had changed since FIT NTs nch-sampling site visit in March 1985.
Most noticeably, the >ecid/stoVage areayVnich was previously confined to a
relatively small "lagoon typfer arssr̂ -'Ĵ ad/Deen expanded in size. This area was
relatively uncontainedwhth no access restrictions from public roads or other public
or private prooe'rties. Ohqex^these/conditions, a potential emergency response
situation

5.2 Personŝ pntactê

5.2.1 Prior to Field Trl

Lee Cobaugh, P.E. Kevin Greene
Cobaugh, Blanton Assoc. VA State Health Department
P.O. Box 8822 101 North l*th Street
Richmond, VA 23225 Richmond, VA 23219
(80*) 271-9*07 (80*) 225-2S02
(Consultant) (State contact)

5-1
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Site Name: C & R Battery
TDD No.; F3-8503-29

Edward Zacharias, President Keith Holliday, Acid Supervisor
Capital Oil Company I.E. Dupont Company
Bellwood Road James River Plant
Richmond, VA 23230 Bellwood Road
(80*) 271-1220 Richmond, VA 23230

(80*) 7*3-3772

James Henley, Plant Manager Harold Anderson
Carbonic Industries M. Brown
Bellwood Road Charles Quaffe
Richmond, VA 23230 C he sterffeld County
(80*) 222-5*57 Utility/OepaVtment

Cheslferfield Co. Courthouse
Che/terfieTsL VA 23832
(Sj

Darius Ostrauskas
U.S. EPA Region III
8*1 Chestnut Building
Ninth and Chestnut Streets
Philadelphia, PA 19107
(215) 597-6*88

5.2.2 At the Site

Pauline Ewald
Kevin Greene
VA State Hea'th Department
101 North l*tn Street
Richmond, VA 23219
(80*) 225-2802

5.2.3 Post Field Trip

Haywood Wigelswortn^ ^ /̂ *̂ / Ralph White, Naturalist
Hydrogeologist ^s. \ Richmond Dept. of Parks
Henrico Co. Heal#r"De"jrt>N\. ^v and Recreation
Water and Sewat Dept. N/N. / Richmond, VA
*10 Dabbs Ho/se Rpa4x. \ N/ (80*) 231-7*11
Richmond,
(80*) 226-(

Timothy Perry\. / Andrew Meng, Hydrogeologist
Hydrogeologist \v / Jerry Larson, Geologist
VA SWCB \/ U.S.G.S. Div. of Water
Richmond, VA Resources
(80*) 257-6667 State of VA Regional Office

3600 West Broad St., Rm. 606
Richmond, VA 23230
(80*) 771-2*27

5-2
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Site Name; C & R Battery
TDD No.: F3-8503-29

Post Field Trip (continued)

C.C. Norris, Geologist Amy Wajciechildski
Sydnor Hydrodynamics, Inc. Engineer Tech.
2111 Magnolia Street County of Henrico
Richmond, VA 23261 Dept. of Public Utilities
(80*) 6*3-2725 P.O. Box 27052

Richmond, VA 23273
(SO*) 7*7-*506

Raymond Showalter, Chemist Richard Anderson, Inspector
Froehling and Robertson, Inc. Dept. 01 Larar and Industry
3015 Dumbarton Road VA Sjate Qccup. Safety and
Box 2752* an<J/Healtfr̂ gency
Richmond, VA 23261

Marilyn Plitnik
Hydrogeologist
U.S. EPA, Region III
8*1 Chestnut Building
Ninth and Chestnut Streets
Philadelphia, PA 19107
(215) 597-315*

5-3
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Ĵ_

Z
4
I
3
£

_.

|

CO

i
O
8

3
v/1

1p
^
*
tu
b

1
P

4

^

r<

c

_

I
T
O

O
—

J
s
M
J

0tf

2
J

o

tf

o

0

ot

r

*

wO

j
o

J
o

S!
VI

J
C

.

t
J

tf

a

3̂-

3

S

;

3
I
1ti
•i

o

J
o

8\̂ >
ill

3

o

H

tt
J
v^

-2

1
Vt

3

t

*

j•j

I

O
O

J
0

|

O

^

<̂ >

J
Ui

^

•5
O

^

*

S
£

±

•

Cl

i

j

0
O

r

J

!
o

3!

3-

J

u

wO

O

<£

^

c-

S

^

,

|
j
o
o

J
18

K

o

1̂

•tt

I—

v/0
-a
O

4.

*

«?

?

^

-

4

M

J
i
Q

O
O

V
T
*j

13
Ci,

a
<i/i
5

iit
t

^

^

^

S

£

-

_

1

3-

7<fj

-fl

\y

5

•J

?

^

-

^

Ji

§
O"

1
2

ij

to*
V)

J

w

V)

O

<
*
T
t

'

.

i
<
o

WJ
ô
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I Site Name; C & R Battery
TDD No.: F3-8503-29

Site Observations

o 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 III collected samples and remained on site.

o The acid storage area had expanded in surficial aroa sW:e the previous FIT
III site visits. When 1 of the sampling team personnel locked a small clump
of soil material into 1 of the acid puddles, an obviousxeaction occurred.
There was fizzing and bubbling, which ^ injjfe&̂ ive ofŝ n acid-base
reaction. /

o Numerous areas of discolored soil jfrere ̂ bservecraround the battery saw
area. Observed material included oark red to .purple powdery substances,
gray and gray-white sludge-like substances, wt*rte powdery substances
(probably lime), gray powdeDf̂ Sofesjances, artetorange-brown powdery clay
substances. / "̂"̂ ^̂\ v /yo An attempt was made to obtaun hand auger samples to a depth of 2.5 feet,
within the area described a\reclaNjned\A refusal depth of approximately 8
inches was notara in/-tfoese l-anĝ r\ioles. Crushed battery casings were
observed at raiusal̂ njri within the?e 3 auger holes.

o Two, 4-iperi7~PV̂ isased monitoring wells were discovered at the east
centra/boundary of flwrfci$e/Both wells were measured for total depth and
depfcn to ̂tatic water evel. The first well was found to be approximately
ISX̂ et dee]s. Ncr wat)fer was observed in this well. The second well was
found re. be approximately ^0 feet deep with a static water level at
approximatelv3S.5 feet from surface elevation. Based on existing dry
conditions, on the small volume of water in the well, and ore'time
constraints, the decision was made not to purge the well and collect the
sample. Water drawn from this well was observed to be orange stained
with significant orange-colored suspended particulates.

5-5 100159



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

o 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.

I o Upstream and downstream aqueous samples/were ribt^collected due to
existing dry conditions.

I o No abnormal HNU or radiation mini-^rtert ̂ €ajjings were rVcorded at the
I site.

o The site operator had requested split settles. 'N̂ e splits were collected at
I all on-site sample locationsytfTrckpiaced in the entfince to the site office.

No site personnel were present to acce*p*̂ itiese split samples and sign
I sample receipt forms. \ V*->

5-6
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I __ 5.5 PHOTOGRAPH LOG

I

i

— Photo 1-
— Downstream Sample Location No. 4

100161
_ Photo 2- _
_ R. Gorrell and R. Werner recording _
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i
i
i
I _ Photo 3-

_ Soil sample no. 6 (see orange clay and
_ gray substance in background)

— Photo 4-
_ R. Werner hand augering boil
_ sample no. 15
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5 " . „ * • „ _R. Werner and E. Helmig collecting ^
soil sample no. 7

I
I

k

I
r _ E . Helmig hand augenng soil sample

_ no. 12 (see white powder on surface)

| 100165

Photo 6-
E. Helmig hand augering soil sample
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Photo 7-
T. Pearce and R. Cornell collecting —
groundwater sample no. 1 _
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&EFA*•• *^ PART 1- SITE I

yyiAL MAZABOQUfi WASTE SITE '• 'P,ENT ' CATlON
SITE INSPECTION REPORT ^̂  °,
OCATION AND INSPECTION INFORMATION 1 VA 1 ' ———————— _

2&>TEf*UMIEN
!81

II. SITE NAME AND LOCATION
01 STENAMC <«.*f* eommv (..<w,c'«i.,*wwe'u*, 02 JTREET, ROUTE NO . OUVftOUC LOCATION KM NTIFiER

C & R Battery 1320 Bellwood Road
03OTY 0«STATE OtZPCOOE OtCOUNTV J7COos~- i&C-'-

CODE "S"
Richmond VA 23234 Chesterfield 760

09 COORDINATES ' 0 TYPE OF OWNERSHIP <Cw«e« wwi
tTn̂ Â it TTO ̂t*̂  * * *"**** C • FEDERAL ______ C C STATE Z 0 COUNTY ~ E MUNOP*!._31°-2£ Q4L1 . 1 _7JO 24!_541 . c F OTMCT C a UNKNOWN

HI. INSPECTION INFORMATION
01 DAT! 0* **4f CTON 02SHlSTATUt 03 VtAftt 0̂  Of MTlON

04 ,23 85 2JS?? p^rly ISTOfi 1 19?5 _ UNKNOWN
M0*'» 0«- *«•» C INACTIVl MGINNINO V»A* INOMQViAH

04 AQCNCY ̂iMPOAMINfj INSPECTION iCn*c*tf m««*i*i

- A »A KB ̂ pArnwTBATTO* NUS FIT I" n c "̂ pfT-»1 ~ f> UUMC*AL ef»mueTn«
l*Ŵ  »» '«*' |WWB, f , . ™-

^ E «TATf - F STAT* rONTW*CTO« r ft OTura

os CHCF MSPtcTOA
Richard J. Gorrell

M OTHCN MSJHCTORS

Edmund Reardon

Edward Helmig

Thomas Pearce

Robert Werner

Kevin Greene
1 3 SITE REPRESENTATIVES INTERVIEWED

Site representatives not present dur

Charles Guyton

17 ACCCSSOAMfcOt* HTMOFittPtCTON
fCMKI«A*l

ISPCRMSSION
DWAWANT 8:30 AM

M TITLE OrOftOANUATION

Environmental Engineer 'JUS Corp.
'0 TITLE 1 1 OHOANUATION

Environmental Engineer NUS Coro.

Environmental Engineer NUS Corp.

Environmental Technician NUS Coro.

Geologist NUS Corp.
VA State

Geologist Health Dent.
1 4 TITLE 1SAOORESS

ng site inspecti m

P-PHetor 1̂ °°*™ ,,„„

0« TEuEP̂ ONt N0_

h5 '687-95H
1 2 TfLftPMONE NO

^15*687-9510

415*687-951

415*687-951

415 '687-951

'8041 225-280
I«TELE*-ONENO
I }

'80̂ 271-120

( )

( )

I )

( )

1 • WCATHER CONOITK9N8

Sunny, dry, 75°F
IV. INFORMATION AVAILABLE FROM
01 CONTACT

Darius Ostrauskas
04 Pf RSON RCSPONSIALE FC* SfTf MSPCCTtON FQAM

Richard J. Gorrell

02 Of <*f**f.Q***i*<»i

U.S. EPA Reerion III
6ft AafNCV 0« OMOAMZATCN 07 TELEPHONE NQ.

NUS Corp. FIT III ( ?1 M fiR7-9S1 0

B3 TELEPHONE NO

(215' 597-648
01 DATE

ns lO'D*
MONTH S«T ,|*1

100169



^ ———.m. POTENTIAL HAZARDOUS WASTE SITE
«FPA SITE INSPECTION REPORT
XrL.1 r"V PART 2 • WASTE INFORMATION

1. IDENTIFICATION
bi STATE C2 SITE NUMBER
VA 9R1

II. WASTE STATES, QUANTITIES, AND CHARACTERISTICS
01 PHYSICALS

K A SOiW
X-> POWOE
„ C SLUOGI

. 0 OThtP

TATES :-«« #.̂ «*', 02 WASTE QUANTITY AT sttt
E StURHl *!.«'*• tr«MJmw-,,

• >Mff x * i-tQuio Tons .,.j_llj*
G G*S /..̂ j-vABf̂ 5̂̂ ^ below)

lSe*C:l' NO OF Of*'1***

01 WASTE CHAIUCTEMSTICS <-«• *• ™ ***•
Y * TOllC X E SOtUttE . I »*GML» VO-.»TILE
X- * COAftOSJVC F INFECTIOUS . J E«»I.OS<VE

C "AOOACTtVE . G *LAMMA«LE X K KACT'vE
. D HMttTfNl H IGNtTA*.t L MCOMPATi^fc

HI. WASTE TYPE
CATEGORY

SL.U
OLW
SOL
PSD
occ
oc
AGO
•AS
MES

SLWSTANCt NAMC

SlUOCE

OILY WASTE
SOLVENTS

PESTICIDES

OTHER ORGANIC CHEMICALS

INORGANIC CHEMICALS
ACIDS
BASES
HEAVY METALS

01 OPX1SS AMOUNT

unknown

171.8

02 UNfT OF MCAfum

tons
IV. HAZARDOUS SUBSTANCES s** *M*-». •»• «er "«-•"' - e«*t c.i *,-*••!.
Ci CATEGORY

MES
MFS
MES
MES
MFS
MES

02 SUBSTANCE NAME

lead
cadmium
cyanide
beryllium.- . ,_, ,
mprr-iirv
zinc

03CASNUMMP

03COUMCNTS

-

yncontflin^ri "puririlps" nf HjfiO^
•-

basecj on soil analysis

04 STQUAOf OUPOSAk METHOD

:ontarninants found in _j
on-site soils groundwatei
and surface drainage
way* rtrninintr the_si±c ——

V.FIEDSTOCKS SM -«** «. CAJ *-™-.
CATEGORY 01 FEEDSTOCK NAME

FOS

FDS
FDS

FDS

02 CAS NUMCEP- CATEGORY

FDS

FOS

FDS

FOS

VI. SOURCES OF INFORMATION CM **••<•*••*".« *i ..«"•» .*-o«**... •*•-•

09 CONCENTRATION

R9 Q=q
QlJ

11
194

variable
variable

&!cVW£
PPM
ppm
DPb
ppb

99 ppm
USHpnb

ot FEEDSTOCK NAME OZCASsjMEE^

Waste quantity based on concentrations of lead found in on-site soils and on volume of soils
1 n A i r-t contained within contaminated areas. Analytical data developed by Froehling and Robertson,
100170 Inc-» sample report 12/30/83. Soil volumes developed by Cobaugh, Blanton Associated for

5/23/84 site reclamation plan for C & R Battery site.
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P̂̂ f B*MMOT̂ k̂
Êur EMMB m % • • BY *PAnl 3

t, HAZARDOUS CONOmONt ANO

POTENTIA
SITE

• DESCRIPTION Of
MCOCNTS

01 C A GROUNDWATER CONTAMWAT1ON
_^^ Q J /\

L HAZARDOUS WASTE SITE
INSPECTION REPORT
HAZARDOUS CONDITIONS AND INCIDENTS

1. (OCNTriCATlON
01 STATS
VA

02 D OBSERVED IQATF IV/iil/Btf > D"
04 NARRATIVE DESCRIPTION

OTENTUL

02 VTI NUM»CH
281

c ALLEGED
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.

01 Z • SURFACE WATtRCONTAMINATION 02 C OBSERVED(DATE S/9ft/«9 } C POTENTIAL ~ ALLEGED
03 POPULATION POTENTIALLY AFFECTED ____U 04 NARRATIVE DESCRIPTION

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

01 C C CONTAMNATK3N OF AIR . 02 2 OBSERVEOfOATE 8/18/83——} C POTENTIAL C ALLEGED
03 POPULATION POTENTIALLY AFFECTED UnKnQWn 04 NARRATIVE OESCRPTION

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

01 C D FWE. EXPLOSIVE CONDITIONS 02 3 OBSERVED (DATE ______» C POTENTIAL O ALLEGED
03 POPULATION POTENTIALLY AFFECTED _______ 04 NARRATIVE

N/A

01 C E DIRECT CONTACT 02 3 OBSERVED (DATE __,_ . . I ?C POTENTIAL Z ALLEGED
03 POPULATION POTENTIALLY AFFECTED 330 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 homes within a 1-mile radius of the site. 87 x 3.8 = 330. The potential for direct
contact with lead «lso exists.__________________ _________________
01 Z F CONTAMMATION OF SOL "02 Z OBSERVED [DATE 12/1 yVSJL- \ C POTENTIAL C ALLEGED
03 AREA POTENTIALLY AFFECTED ——3——————— 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 ~ Q. DRINKING WATER CONTAMINATION TT7 M ^ n**xmufn ,n*r* in/21/83 i ^POTENTIAL -ALLEGED
03 POPULATION POTENTIALLY AFFECTED o^U_____ Q4 NARRATIVE DESCRIPTION

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 H WORKER EXPOSURE/INJURY 02 D OBSERVED (DATE. ——<i/&2———) D FOTENTIAL C ALLEGED
03 WORKERS POTENTIALLY AFFECTED. M/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 DI POPULATION EXPOSURE/INJURY . 02 C OBSERVED (DATE —————————) £ POTENTIAL - ALLEGED
03 POPULATION POTENTIALLY AFFECTED Unknown 04 NARRATIVE DESCWTION
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 lead on site.
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'̂t* " PART 3
ft. HAZARDOUS CONOmONS AND
01 C J. DAMAGE TO FLORA
04 NARRATIVE DE9CR*>T)ON

POTENTIAL HAZARDOUS WASTE SITE
SITE INSPECTION REPORT

• DESCRIPTION Of HAZARDOUS CONDITIONS AND INCIDENTS

1. OENTTFKATION
01 STATf Oi SITE NUMK*
VA 281

MODEMTS :-•——.
02 n OBSERVED (BATS , ,_ f » PiDTENTIAL Z ALLEGED

Site inspections have revealed no evidence of damaged flora.

01 c K DAMAGE TOFAUNA 02 a OBSERVED IDATE_______» X3 POTENTIAL I ALLEGED
04 NARRATIVE DE3CWTION

Site inspections have revealed no evidence of damaged fauna.

01 G LCONTAMNATION OF FOOD CHAIN 02 3 OBSERVED (DATE __________ I D POTENTIAL Z ALLEGED
04 NARRATIVE DESCRIPTION

N/A

01 = M UNSTABLE CONTAINMENT OF WASTES M r OttfigMP ;OATF 4/2S/8S I C POTENTIAL = ALLEGED ~
rlM **"•* imipm i+m LMM* *w«i>

03 POPULATION POTENTIALLY AFFECTED unknown ——— 04 NARRATIVE DESCRJPDON
Sulfuric acid was observed partially contained, puddled in various locations on site. Lead
contaminated soils are entirely uncontained on site.

01 Z N DAMAGE TO OFFSITE PROPERTY 02 ~ OBSERVED (DATE —————————— ) C POTENTIAL - ALLEGED
04 NARRATIVE DESCRIPTION

N/A

01 1 0 CONTAMINATION OF SEWERS STORM DRAINS WWTPt 02 ~ OBSERVED IDATE __________ I - POTENTIAL ~ ALLEGED
04 NARRATIVE DESCRIPTION

N/A ___________________________________________

01 ~ P ILLEGAL/UNAUTHORIZED DUMPING 02 Z OBSERVED (DATE __________ I C POTENTIAL Z ALLEGED
04 NARRATIVE DESCRIPTION

N/A

05 DESCRIPTION OF ANY OTHER KNOWN. POTENTIAL, OR ALLEGED HAZARDS 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 sulfuric acid on site.

M. TOTAL POPULATION POTENTIALLY AFFECTED: SPP hplow
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. <:••«••«•« '••••WKM • t ««•«». u*****,** '•*>"» __ _____ -̂ __̂ ^̂ __̂ __B__̂ ^
NUS FIT III 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

EPA FORM M70-1K7-IH
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A __ . POTENTIAL HAZARDOUS WASTE SITE
J>FR£X StTE INSPECTION
^̂ ^̂  *̂  PART 4- PERMIT AND DESCRIPTIVE INFORMATI

L IDENTIFICATION
o i STATE 02 SITE MUMKN
VA 981

OH ' VA ' "* ——————— -

H. PEJlMfT INFORMATION
01 TVTC OP PERMTT ittauCD

Ql. U»C
GC. AM
CO ACRA
DE HCRA INTIRM STATUS
cr IPCCPLAN
DO. ITATl,*̂ ,
CH. LOCAL,. _ _
n 1. UIHCRr^Mp.

QJ. NONE

02 PERMTt NUMBER

VA0058459

OJDATEUUtO 04 EXPHAT1ON DATE Of COMMENTS

Interim status

«.srnoociumoN
oiSToiuiQÊ araeAt.fCMMtfMMvi « AMOUNT M UNIT or MEASURE

V I PILES _.,.. ,_
O C DRUMS ABOVE QBOM">
n n T AMC AADVB OAOUMD

nr TAWK •rioumnaukin

G Q LANDFARM
C!H OPFNfXIMP ..__ „, ,,

***"' soil

04 TH

a A.
GB.
GC.
GO.
ai.
ar.
GO.
GH.

•JCeCRATION
UfCC?W«XINOt4JeCTION
CHCMJCAUfHYSCAL
1OLOOCAL

SOLVENT RECOVERY
OTHER RfCYCUNOVRECOVERY

*W-W

MOTHER

3fc A. •ULDMGS ON SftE

MAMA OF «Tt

QTCOMMENTS Tne 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.
IV. CONTAINMENT

G A. ADEQUATE. SECURE O 1. MODERATE Of C. VIADEOUATE. POOR D 0. NSECURE. UNSOUND. DANGEROUS

02 DEJICRPTIONOF DRUMS. WKJNQ. UNCMS. ftARNEM. 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
rnnram STTP rimniT ————————————————————————————— - ————————————————————— - ————————————— - ——— -
V.ACCUftMJTY

W COMMENTS

Sulfuric acid pond/puddles were easily accessible during field investigations.
soils are entirely uncontflingri nn sitp; —————— . —————————————————— .
VI. SOURCES Of INFORMATION >e» ~-~ ~*~«- , t MT> *~ ,m~ mi m, « . •»»"• ________ _ ________ ̂̂ _«

Lead contaminated

NUS FIT III 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
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A r-»%* POTENTIAL HAZARDOUS WASTE SITE
OtRpA $rr£ INSPECTION REPORT
^^ *^ PART 8 -WATER. DEMOGRAPHIC. AND ENVIRONMENTAL DATA
R. OfUNKMQ WATER SUMLY

01 TYPE W QRMKMO SUPPLY

SURFACE WEU
COMMUNTTV A I 1. G
NOHCOMMUNTTV C. D 0$

•LOftOUNDWATEK
01 OROUMOWATE« USE M MCHTV fCMrt «MI

B A. ONLT SOURCE FOR ORMKMtt OIORMKM

-̂̂ -.tv̂ -Mn̂ op̂ -̂ATn. §40 fw

040EFTHTOOROUNOWATER OSOMCnO*

as tn 4p ifif

nt MtfTMTrn ftr nrt 1 1 rm̂ u JTMI Mr •iiiin

1. IDCNTIFICATION
01 STATE 02 SITE *UMS£A
VA 281

03 STATUS

ENDANGERED AFFECTED MONITORED
A. a •. a c. at
OE EE F.G

eansTANCETosm

A >10 ,-,

t<.JL. (mil

I _ _ _ _ _

"thin 3 miles)
OF QROUNOWAtm PLOW

southeast

a C. COMMERCIAL •ttU*TWAL.E*iaATCN D P NOT USTO. UNUSEAHJ

N

03 DEfTANCE TO NEAREST ORMtMO WATffflU

MOCPTMTOAOUmfl OTPOttNTIALVCU
OF CONCERN OFAOUFER
unknown M, unknown

•u <i-flfln ft. i-"j

Depth to groundwater described above is applicable to an on-site monitoring well. Field
reconnaissance within the vicinity of the site have indicated numerous private supply wells with
3 miles of the site. Limited information indicates the probability of multiple flow zones within
this area of VA. A hvdraulic connection betwe

10RECHAW3EAHEA

BYES 59MM̂ T,8« Available infprrpat,ion indicatesD NO Ltnat *th?usltS is located within a rechargeiarea to the Patuxent aquifer. B

pn zones fjag pathponppQVftp rtl* HUprnupn.

GYES
SNO

COMMENTS

IV. SURF ACE WATER
01 SURFACE WATER USE iCMttwwi

A. RESERVOIR. RECREATION C •. IRRIGATION. ECONOMICALLY C C. COMMERCIAL. MDUSTRUU. G D NOT CURRENTLY USED
DRINKMG WATER SOURCE IMPORTANT RESOURCES

03 AFFECTED'POTINTIALLV AFFECTED EOCMES OP WATER

NAME

Unnamed, intermittent tributary tn thp .Tarn PS RI'VPP
.Tamps Rivpp

AFFECTED DISTANCE TO STTE

ic nrnnn ft in
r 690 ft. im.
n iB-

V. DEMOGRAPHY AND PROPERTY INFORMATION
01 TOTAL POPULATION WTTHN
ONEfMMfcjEOFSTTE
A 330

NO 0* PimoNt

TWO (21 MILES OF SfTE TWREEOI MILES C*
t unknown r nnknnwn

NOOFfMONS MO OT*H«ON)

03 MUMECR Of ttHLOMOS WTTHM TWO (2) MLE» Of SITE 04 DOTANC

>300

03 MTANCE TO NEAREST POPULATION

STTE
<1.0 rnilp .„(!»)

* TO NEAREST OFF-SfTE EUUMQ

<2rOOO ft, ,~.
OS POPULATION ttffTHN V1CT*TV OF SHE <*•**

The population distribution within the area of the site is generally sparse characterized as
suburban residential/industrial. Population distribution becomes more dense within those
areas west of the site. The corider along Route 1-301 is densely developed residential and
commercial.
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oEPA POTENTIAL HAZARDOUS WASTE SITE '• IDENTIFICATION
SITE INSPECTION REPORT ° ' »T*T« « ** **••«

OAMT ft . WATFB, nFMOQRARHIC AMQ ryV!PO«¥F"TAI p ATA ii^ —— ———— 28J —— ,

VI. ENVIRONMENTAL INFORMATION

C A. tO-«- tO-«cm/»e OB. 10-«-10-«emme Q C. 10~« - 10-»om/«»c C D GREATER THAN 10- >cm'MCunknown

C A IMPERMEABLE G BRCI>TrVELY IMPERMEABLE G C RELATIVELY PERMEABLE C 0 VERY PERMEABLEunknown I«M«W>«-*«*«W n«-«- ••-••-.•., /io-«-t»--.».« M~«~>O- *•»*,,

unknown w

8
0* FLOOD POTENTIAL

VTTOLK N/A VBAIIFLQOC*
11 DISTAMCE TO WETLANDS , 1 ttrt OTMM*

ESTUARINE

A >3.fl MI

at least 2 feet ,*, 3.5 to 12.3

n Q STTE SLOPE DMECTION OF VTC SLOPE TERRAIN AVERAGE SLOPE
V.R O 4-̂ \ £ Q 4/v (%

tO

M/A C STT1 IS ONBARRIER ISLAND. COASTAL WQH HA2AJC AFCA, RWER1NE FLOOOWAY
1AIN W/ A

1 2 DISTAMCE TO CRTTICAL HASfTAT M*IMPI|I Mmimii

onm _.>?.:P,1 , (MI
v o ft ____ __

ULAMOUSCMVICMrrV

DISTANCE TO:
AGRICULTURAL LANDS

COMMCROAUMDUSmAL FORESTS. OR WILDUFE RESERVES PRMC AO LAND AO LAND

<1.0 imii r unknown ,~. n <1.0

1
i
]
1
1
1
1r

1 4 DESCRIFTION OF SITE K MELATO* TO SURROUNDING TOFOQftAFHV

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. SOURCtS OF INFORMATION 'CMMCM*

NUS FIT III 8/20/84, 3/27/85

»~tM.. **.* -~~,-«~*:

, and 4/23/85 site inspections at the C& R Battery site
Uncontrolled Hazardous Waste Site ftmking System; User's Manual
U.S.G.S Topographic Map; 7.5 minute series, Drewry's Bluff, VA 1980 photorevised
VA WCB file information on the C & R Battery site TTO ,,„ A „ - tTT
Hvrofreoloe-icfll internretstion develcoed bv M. Plitmck, US EPA Region III

I EPAFORM2070-tair41|
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SB* :51WITAL HAZARDOUS WA«Tf $ITF »• 'P'jL'TSiJl?̂.
SITE INSPECTION REPORT Dl*r?1* "Z?,1"™

I, SAMPLES TAKEN

SAMPUTYPE

OROUNDWATER

SURF ACE WATER

WASTE

A*

RUNOFF

SFU.

sec
VEGETATION

OTHER

01 NUMBER OP
•AMHJ3TAKEM

numerous
numerous

numerous

numerous

NUS FIT III c
eroundwater

02 SAMPLES SENT TO

periodic samoles collected bv VA WCB & ooerat
M » if H it ii

air monitoring in breathing zone on site by VAO.I

site reclamation olan include augers to 2 ft.

illected on site groundwater samples, off site back
samples, on-site soils, and off-site background soi

OJ ESTIMATED DA
RESULTS AVAI

»rs current
avail ahii

HA

current!;flvflilnnlfi

jorun< -
,, see belt

BL mO M*ASU«tMIMTS TAKIN
01 TVFf

Hppfrh tn crrnimriwntp

02 COMMENTS

measured with well sounder by NUS FIT on 4/23/85 fs«p splov^

IV. PHOTOGRAPHS AND MAPS

01 TVFE aQftOUNO DAERUL <»*a«Taevt* NUS FIT III F3-8505-29 US EPA HI. VA 281
.̂••••••̂•M*,. »«•»«»••

03 WAFS 04 LOCATION OF MAFS

K YES Prelilminarv Assessment F3-8407-32, Field Trio Reoort F3-8503-29, MRS,
— NO . (. .-i-S.nil^-.i ; )

V. OTHER FICLD DATA COUICTtO '**-• *MM»MM*M

On 4/23/85 FIT III 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 6 of
the site inspection report under TDD no. 8503-29. For analytical results of samples collected-
Water Levels in on-site Monitoring Wells: W-l-26
(as measured on 4/23/85) W-2-dry

W-ll-dry

VI. SOURCES OF INFORMATION. CM «—»*««.. «. ~ •**•*** *~™

NUS FIT III 4/23/85 site inspection of the C&R
VA WCB. file information, C&R Battery site

—————————————————————————————

Battery site (F3-8507-29)

EFAFORM 2070-13 |M1|
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Aft •—-*%* POTENTIAL HA2AI
tfVtHVX srrE INSPEC
^̂ fc-i ** PART7-OWNE1

n. CURRENT OWNERS)

William and Edward Zacharias
020+lNUMMN

1306 Bellwood Road
DftOTTV M STATE

Richmond VA
01 NAME

N/A

04 EC CODE

D7ZJFCOOE

23234
020

03 STREET ADDRESS 1^0 AM *0t MCI

01 NAME
N/A

•»• NUMBER

04 SIC CODE

OT BF CODE

020*BNUMKR

0» STREET ADDRESS *o «•..*«. M« i

Oft Cn> M STATE

Oi NAME

N/A

04 DC CODE

OT VCOOE

020

03 STWEET ADDRESS t* Q *»• wo* MCI

Oft crrv M STATK

*«MUMStR

04 SC CODE

or ZJFCOOE

H. PftEVIOUS OWNEWS) ,«, -«- *c.~ M»
01 NAME

Unknown
02D+SNUMKR

03 STREET ADDRESS i» 0 to* WO* Me i

OSCTTY 0* IT ATE

01 NAME

N/A

04SICCOOE

or z» CODE

D2D«S>NUMECR

03 STREET AOOREMfO *M «•»• M« J

Oft CfTY 0» STATE

01 NAME

N/A

04 SK CODE

07 OF CODE

020

03 STREET ADDRESS if O CM **B» Me -

DftOTV M STATE

»»NUMEtH

MUCOOC

or zr CODE

IDOUS WAfiTT SITE I- (DENTlftCATION
TK)N REPORT Ol $?* "J™1**1"*"
R INFORMATION ' VA 1 ̂ 8i ———————— .
PARENT COMPANY ..»——
DS NAME

N/A
OftO*SNUMSC*

10 STREET ADDRESS i»0 k>.<We*.«*j MSCCOOE

taCTTY tj STATE

Of NAME

N/A

14 OF COOt

ptO*«NUMSEN

lOSTfieETAODRCSS(»0 «M»0*-c, MSCCOOE

12OTY 13 STATE

Oft NAME

N/A

14 ZP CODE

0»0*SNUM»E«

1 0STREXT ADDRESS (»0«M'VO'Mc> llftlCCOOE

12 OTV 13 STATE

os NAME
N/A

14OFCOC*

OftO*SNUMKfl

10 STREET ADDRESS i»O Iw.MO* MCI tlSCCOOE

12OTT 13 STATE 142IFCOOE

IV. REALTY OWNER(S1 * ̂.M. . — ̂ — w.
01 NAME
N/A

020*SNUMSEA

03 STREET ADDRESS t* O AM A*0* we, 04SICCODE

05 CITY M STATE

01 NAME

N/A

or JJF coot

020*SNUMH"

03 STREET ADDRESS t*Q •** *̂ 0* MCI 0«SKCOOE

OftCtTV 0* STATE

N/A

07 £P COM

02 0* S NyMitH

03 STREET ADDRESS ifO AM M>0* ««.> 04SCCOOC

OftCfTY Oft STATE

V. SOURCES OF INFORM ATtON c« ——.*«««.» M««. «r— ~— -«*-.

VA WCB file information on the C&R Battery site
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A — _ _ POTENTIAL HAZARDOUS WASTE SITE
AHRA «T* INSPECTION REPORT
^̂ fc"1 *» PART •- OPERATOR INFORMATION

1 CURRENT OPERATOR >*~.»«M.HWMM

Inactive
03 STRUT ADDRESS if 0. *M. ««J ' M

Dsorrv

Ot VIAHB OF OPERATION 01 NAME

m. PREVIOUS OPfRATOM(S) M

a o+ft NUMBER

j 04 tC CODE

OS ST ATE or zv* CODE

OF OWNER

. ——— ____.«M--~*-~-~.-M,

01 NAME

Charles Guvton
0) STREET ADDRESS iPQ.9m.mf.rn

P.O. Box 3715
oftorrv

Richmond
M YEARS OF OPERATION OtNAME

15

01 NAME

N/A
03 STREET ADDRESS tfO AM «n>* M*

OftCfTV

OS YEARS OF OPERATION OtNAME

01 NAME

N/A
03 STREET ADOfWUf'O AN «VO* MI

OftCTTV

OtVSAMOFOFERATION OtNAME

IV. SOURCES Of MrOMHATIO

02D+BNUMECR

1 04SCCODE

|0ft STATE 07ZVCOOE

VA 23230
OF OWNER OURMQ TNB FEROO

Charles Guyton
020+tNUMt**

i 04SCCOOE

06 STATE 07 ZP CODE

OF OWNER DUPJNQ THE FEAOO

02D+»NUMECR

, O4SCCODE

MSTAn 07 ZIP CODE

OF OWMER OURMO TMS FEMOO

1. IDENTIFICATION
01 STATE 02 SITE NUMBER

OPtRATOR'S PARENT COMPANY *m~—,
10 NAME

N/A
1 2 E1MET ADDRESS <F 0 «M. AM« «-•*.;

ucrrv

PREVIOUS OPERATORS' PARENT CM

*

13KCODE

H STATE itBFcooe

IPAMESWMMM

10 NAME

N/A
1 1 «TRE«T ADDNES* fF a tM. *Vfi •. M. j

14CTTY

11D*BNUMSER

13SCCODE

1ft STATE iftZJPCODE

10NAME

N/A
12 STREET ADDRESS ifO tei.AW* M«|

14CTTV

,,««-.

13OCCOOC

IS STATE itzrcoOE

10NAME

N/A
1 3 STMCT ADDRESS r»0 AM A«>» M>

14CTTY

13 StCCOOC

1ft STATE 1

N^. . , .t.M,«..̂ .,.».M.l̂ «,

NUS FIT III Preliminary Assessment (F3-8407-32), Non-sampling Site Reconnaissance
(F3-8502-13), Site Inspection (F3-8503-29), HRS (F3-8505-37).
EPA File Information VA 281
VA WCB File Information for the C & R Battery site
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L
I
I

-___._ MTWTIAL HAZARDOUS WAftTEftTTE IDENTIFICATION
&FHCX *ro
W*-1 *̂  tAftTia-

IWECTKDN HEPORT Dl {fj11 * J? "**"

E. FAIT MSJPONSE ACTtHIEU
01 O A WATER SUPPLY CLOSEDotoucRrnoN

unknown
01 O i. TEMPORARY WATER SUPPLY PROVCCD
040OCNPTCN

unknown
01 O C. PlRMANPfT WATER SUPPLY PROVDCD
04 OESCFEPT10N

unknown
01 O 0 SPLLEO RtATERM. REMOVED040ESCRrnoN

unknown, not reoorted
01 Q E. CONTAMNATEO SOLRDIOVEO
04 OMCRT TPN

unknown, not renorterf
01 D P. WASTE REPACKAGED
04DESCNPT10N

N/A
01 a 0. WASTE DOPOSEO ELSEWHERE
04 DE3CFEPTION

N/A
01 a N. ON «TE SURML
040tacRr.-aN site inspection revealed bu

portion of the C&R site
01 O I M Smj CMEMCAL TREATMENT
04DE&OWTO4

N/A (proposed but nevr implemented)
01 O J M STTU StQLOQJCAL THEATMEHT040ESovnoN

N/A
01 Q K M Smj PXYSCAL TREATMENT

N/A
01 C L ENCAPSULATION

N/A
01 0 M. EMEROENCY WAtfH TREATMENT
04 OESCFEPTON

N/A
01 D N. CUTOFF WALLS
OtOESCRPTCN

N/A
01 D O tWEWEMCY OtONtVSURf ACE WATER OCVER3ION
04 ocscNpnoN The operator constructed

drainage way. Action in response to stat
01 O P. CUTOFF TRENCHES/SUMP
040E8CM*nON

N/A
01 D Q SUBSURFACE CUTOFF WALL

N/A

«M AATK 03 AQEHCV 1

02 P47̂  03 AQfNCv

09 o*™ .,,.,AZZ:VH-S oiAfleNcv ̂ V¥ FIT HI, EPA —
ried battery casings located within the northern

9» BATE .„ OaAOENTV

ft? flATV fl,l AftKM^v

MRATV MArtFMrv

MAATV ftlATJM-V

• 07 P11* .. 03 MfHC*

03 DATE 03ftOFHCv

.
030ATE JLUlkZLOWn OSftQFNC* Op^^RTnr

anearthen dike between battery breaker and
e requirement.

0? DATf _ ,. „ OJ AlWlO

A9fUn ——— —————— (UAAPĥ V —— —————————

SPA FORM S070-13ir-S11
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AFt i-f-% m POTENTIAL HAZAF
« tR(X SITE WSPEC'
^̂ fc-i ̂ * PART •• GENERATOR/TO*

tDOUS WASTE SITE lwoaw
RON REPORT f.1?1*11
W^DADTtD ikimnti • vmu VA

IFICATION
02 SITE NUMBER

281

S. ON-STTE GENERATOR

2 & R Batterv. Charles Guvton
020

0> STREET ADDRESS (F a AM. Keof, m ;

'.O. Box 371 5
Oftcrrr o« STATE
Richmond , VA

+• NUMBER

04 SC CODE

07 Z* COM

23230
•L OFMRI GENERATORS)
01 NAME 02 0*B NUMBER

03 STREET ADDRESS If0 9*.*fOf.m>

OftCITV Oft STATE

01 NAME

N/A

04 EC CODE

072JFCODE

02 D̂ B NUMBER

03 STREET ADDRESS (FO AM. HfOf.mi

OSCITV &6.STAYE

04 SC CODE

07ZIFCODE

01 NAME
N/A
03 STREET ADDRESS CO 9a».KfOf.m.i

OS crrv Oft STA

01 NAME

N/A
03 STREET ADDRESS )FO BM MFOt.M.j

oft dry MCTA

IV.TIUNSPORTERiS)
01 NAME

N/A
020

03 STREET ADDRESS tf 0 AM. itro* m >

OftOTV Oft STATE

01 NAMfc

•I/A

+BNUMBCA

04 «C CODE

072JFCODC

020

03 STREET ADDRESS iF.O AM *nf.m>

Oft CITY M JTATE

*t NUMBER

04 1C CODE

07 fif CO06

01 NAME

N/A
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According to site operator, a clay cap was placed over the northern portion
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J*l_lBVTBTft 09 OiitE M AATMTV

0 SITE RESTRICTED 02 DATE 03 AGENCY ———————————————————

OH R£LOC*>Ttt> 09 BAT*. _ _ M AGENCY —————————————————————

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 siteTeclamation plan, but
had not approved any submission. During some time in late 1983 or early 1984, the operator took

it uoon himself to initiate reclamation. According to the operator's reports, battery casings
have Deen removed , surface soils have been excavated, lime has been applied,and a clay cap
has been placed over the northern area of the site.

•L SOURCES OF INFORMATION <c«».m m i .n •• •»•«*• —~~»m.«*m>________________________________________

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

^ _ _^. POTENTIAL HAZARDOUS WASTE SITE
AFRu CITE INSPECTION REPORT
%̂ l_l r~% PART 11 • ENFORCEMENT INFORMATION

1. AENTTICATION
°VAATi Iff"*"1"

L ENFORCEMENT MFOAMATION

01 PAST (COUUTOftV'fWOIcCMENT ACTION KvtS C NO

M OEBCNFTION Or FEDEHAU STATf . LOCAL RfQULATOHY/mFOFCtMENT ACDOU

FEDERAL: EPA initiated applicable preliminary assessment report, non-sampling site
reconnaissance report, site inspection report, and hazard ranking system 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, a mm ended permit applications, the operator has of
yet to be declared in compliance. Subsequent court orders have been issued and .
several court appearances ha\e been made in relation to the Water Control Board's -
attempts 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 Occupational Safety and Health Administration has also had extensive
involvement with the C&R Battery site. According to Mr. Ric; ard Anderson
of VAOSHA, his first inspection of the site in 1983 revealed numerous violations
of current OSHA standards. 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 meterXlevels 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.)

SL SOURCES Of HFORJaATK* >e»«inii .* m.. •• urn m. ~~ -» r- ~~»>

VA SWCB file information on the C&R Battery site
Mr. Richard Anderson, Inspector, VA Occupational Safety and
(804) 786-6285

•• A FfMM MlTft 1 1 <r.BU-

Health Administrationflp i nni 82
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I
Site Name: C&R Battery
TDD, No^, F3-8 503-29

< ' i,, • ~. .'*"'
r-.nJ'.

6.0 LABORATORY DATA

6.1 Sample Data Summary

The sample data summary correctly identifies sample MCB239 as a field duplicate
of sample MCB234. However, the attached Quality Assurance Review lists
MCB238 and MCB239 as field duplicates, due to an eproryn the NUS sample
shipping log which was not identified until after receipt of $ne Quality Assurance
Review from EPA Central Regional Laboratory.

<̂  6-1
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i Site Name: C & R Battery
_̂; TDD No.: F3*85Q3-Z9

6.2.2 Inorganic Data Lab Case 4265

6.2.2.1 Introduction

The findings offered In this report are based upon a review of all 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

I It 1s recommended that this data package be utilized only with the following
' qualifier statements:

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

Constituent Samples With Questionable Results
Aluminum MCB311, MCB244, MCB246, MCB248, MCB249, MCB228

, Iron MCB311, HCB244, MCB226, MCB228, MCB246, KCB248

^ Z1nc MCB311, MCB244, MCB226, MCB228, MCB246. MCB248,
MCB249i

0 The aforementioned results were designated questionable since there 1s
I evidence to doubt the presence of these constituents at any concentration

less than or equal to the levels reported. However, 1t 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 KCB227 should be

| considered an estimate of the true amount present (code J).
\

9 Actual detection limits for arsenic, cobalt, and manganese 1n the aqueous
I matrix may be slightly higher than reported. Reported results may be
j biased low for arsenic (25-45%), cobalt (25-35%), and manganese (25-35%)

1n the aqueous matrix. Values have been coded J to reflect the quantitative
uncertainty of the results.

I ° Actual detection limits for tin 1n the aqueous matrix may be significantly
higher than reported (30 ug/L). In fact, the reported detection Hm1t for

• MCB227 1s 300 ug/L.

Y
i

The reported results for antimony, cadmium, lead, silver, tin, and zinc
in solid sample MCB233 may not accurately reflect the average concentration
for these constituents 1n this sample or others of a similar matrix.

6-2
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Site Name; C&R Battery
TDD No.: F3-8503-29

The reported results or antimony, cadmium, copper, magnesium, nickel,
potassium, sodium, tin, and cyanide 1n 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 limits for arsenic and selenium 1n the solid matrix may be
biased slightly higher than reported. Reported results may be biased low
for arsenic (30-50%) 1n 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%) 1n the solid matrix.

The Impact, on solid sample results, of the poor field and lab precision
and poor spike recovery 1s as follows:

antimony — data rejected—extreme precision problems

arsenic » values considered valid estimates (J) except for MCB239 (review
of the raw
rejected).

i j of the raw data suggests that 103 1s an anomaly and should be

I beryllium
chromium

barium « values considered estimates due to recovery problems

manganese
mercury
nickel
vanadium

cadmium — estimated due to precision (field and lab) and recovery problem
copper — estimated due to precision (field and lab) and recovery problem
zinc
cyanide

I silver « data rejected—extreme recovery problems
tin — data rejected—extreme precision and accuracy problems

I Data has been coded J or R to reflect these qualifiers.
1° The presence/absence of cyanide 1n MCB234, MCB237, and MCB239 could not

be determined.

U^> ° Mercury results for all aqueous samples could not be validated.

1 6 - 3
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6.2.2.3 Findings

I ° Field blank analysis revealed the presence of aluminum, Iron, and zinc at
levels sufficient to question the aforementioned results for these
parameters.

Site Name; C&R Battery
TDD NO.! F3-8503-Z9

Aqueous field duplicate (MC6244/311 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 reliability of the aqueous lead results 1s
severely compromised and the results should be rejected. The level
reported 1n MCB227, however, 1s 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 considered an estimate of the true concentration.
Low matrix spike recovery was reported for arsenic (65%), cobalt (70%),
and manganese (70%) 1n the aqueous matrix.

Extremely low matrix spike recovery was reported for lead (0%) and tin
(0%) 1n 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, silver, tin, and zinc.

Solid field duplicate results for antimony, arsenic, cadmium, copper,
magnesium, nickel, potassium, sollum, 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 (376%), vanadium (147%), and zinc
(135%) in the solid matrix.
The laboratory reported that Interference problems precluded a quantitative
determination of cyanide 1n MCB234, MCB237, and MCB239.

Laboratory failed to analyze matrix spike and duplicate samples for
mercury 1n 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.

6-4 100191



V> 6*2.2.4 Summary
II 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.

Y
\

Report prepared by Steve L. Markham:̂  ftZ&

Patricia J. K r a n t z : A c t * Date;
(301)224-2740, FTS 922-3752
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Site Names C&R Battery
TDD No.: F3-8503-29

7.0 TOXICOLOGICAL EVALUAtlON

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-site soil samples. The
generation of lead-contaminated dusts may be of potontiaî health concern to
residents living in the surrounding area.

Elevated levels of lead (up to 2,157 ug/1) and sê er̂ l̂ heXinorgahics, including
arsenic (80 ug/1), a recognized human carcin̂ genNand beryuHmi /12<f ug/1), a
suspect human carcinogen, were measured/in û fIU<e«d samples from on-site
monitoring wells (MWs). The groundwater̂ ntar̂ jj»tion/may be, at least in part,
site related. If the untreated groundwater ŵ re used « a potable water source, It
might pose a carcinogenic risk as high as **.3 xNsO"2 antt̂ cause other toxicities,
including neurotoxicity, kidney <terria"ge7-"4*ematolb>5teXi problems, and acute
gastrointestinal effects. With the deception of berylftton (5 ug/1), which might pose
a carcinogenic risk of up to 3.7 \ 10*\̂ tner»-Ji(ere no inorganics confidently
identified at levels of immediaie^conceVi to hu/nan health in filtered MW samples.

With the possible excejmoiyoTfen elevabsodium concentration (211,600 ug/I) in
home well no. 8, th/re weN/no i*«<earucs reported at levels of human health
concern in samples coufected froni 3 off-site private wells. The levels of iron and
manganese mea*<lfed irT"fifcmteswell ns. 8 and 11 might affect the palatability of
the water.

Limited sampling of̂ v,sî e-adjacent intermittent stream/drainage ditch, which was
dry at the timexof the survey, did not provide sufficient evidence of off-site

\v
release of contaminar

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

73 Support Data

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

I 7.2.1 On-Site Contamination

• 7.2.1.1 Soil/Surface

i High levels (up to 67,73i mg/kg) of lead were repoA«diif onXjte soft-samples. For
} the sake of perspective, it may be noted that lead has-been reportedir/natural soils

at concentrations of up to 700 mg/kg, a/concenXrXion of 16 mg/kg being
I considered average.* On-site lead levels/were aj$o substantially higher than the

concentration (182 mg/kg) measured in the otf-site background soil sample which
was collected in a site-adjacent open field. x^ ^

' Notably elevated concentrations b^cadmnjm (up to 9̂ mg/kg) and arsenic (up to 62
* mg/kg), and a slightly elevated le>cl oi\£oppar*-4up to 1*0 mg/kg) were also
I confidently reported in on-ŝ te-SQil sarnples. /Maximum concentrations that have

been reported for these Inorganics in natural/soils are as follows: cadmium (1
mg/kg), arsenic (17 me/kg), atn̂ opperCl*8(n̂ g/kg).2 to * Although elevated levels

j (up to 2,027 mg/kg) ̂f antirhony wer«̂ reDirfrted, they could not be verified by the
quality assurance chemists due\jo "extreme precision problems" (see section

f 6.2.2.2).

1

I

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

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 contaminated with lead
dust. Although there are no individuals who are known to regularly frequent the
site, which is currently inactive, site access is not restcicted̂ It may be noted that
the population within a 1-mile radius of the site has been characterized as "sparse"
and estimated at approximately 300 (see section.̂ h At may alsô fee mentioned
that air sampling conducted at on-site work stationŝ by the Vir^iniaXSccupational
Safety and Health Administration (VA OSHAf in L08#Ŝ hen the site was active,
revealed levels of lead in the breathing zon/that ̂ere alcove standards (see section
2.5).

Whether residents are currently aty/igrulTeaRt̂ risk wcJuJ^epend uPon tne ambient
air levels of lead, their exposure So leadby other rojltes (i.e., total lead intake),
and personal susceptibility factorŝ e.g.,X̂ ge).y"40<ants and young children are
considered a high risk group ipc-load toaicity. fifhildren can absorb ingested lead to
a greater extent than aduHs and arV morV sensitive to its effects.̂  Excessive lead
exposure can result in neXjroHoxicltyTNjepnrotoxicity, and/or a reduction in
hemoglobin synthesis^ resumog iryaR̂ rnia/ Altered testicular function is also a
sensitive indicator of Chronic lê d exposure.^ There is currently considerable
concern as to y>ê possibfeN£SfiCts ©^increased lead exposure in young children on
their subsequent behavioral and intellectual development.

It should Dê notedNiĵ r the/e is reportedly an open, accessible (sulfuric) acid
storage area on̂ t̂e. Samples collected during this survey were not analyzed,
however, for the possstt*Je/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
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7.2,1.2 Groundwater

Filtered and unfiltered samples were collected on site from MW nos. 1 (same as 2A)
and 2. Lead and several other inorganics, including arsenic, chromium, beryllium,
cadmium, barium, iron, manganese, aluminum, nickel, and/or vanadium were
reported at elevated levels In unfiltered samples. The heaviest contamination was
reported in the sample from MW no. 2. A few of these inorgaracs (lead, cadmium,
arsenic) were also reported at elevated levels in on-site/soil samples. The
contamination of the groundwater may, at least in/part, be she related. If the
groundwater were used, untreated, as a potablê Jtô te/ sô ce, it^uld pose a
number of health hazards.

Arsenic (80 ug/1) is a recognized human carcino%grt by jrf»e oral route. Beryllium
(12* ug/1) is a suspect human carcinogen. Ê jemiologjcal evidence has suggested,
but not established, an association between inhala<k>n exptwure to beryllium in the
workplace with human cancer.? EreryllIu7T̂ 4)4sbeelKsĴ 6wn to induce cancer in
animals via inhalation, intratracheal, anoLintravenous^outes.? Using carcinogenic
risk factors based on foreign epldemiolo^al studies (arsenic) and animal oata
(beryllium), it can be calculated tha\the liretime ingestion of 2 liters of the
groundwater per day migKt pose a\carc««>gen/; risk of up to *.3 x 10'2 (*.3 in
100).S It should be notedyfiiat therelXcvfrently some question as to whether
concentrations of arsenic siWarte^at reported in the MW sample significantly
increase human cancerNisk. THfcsresults of epidemiological studies conducted in
the United Stattfsdid notsxeveal increased incidences of cancer in communities
whose drinking wajei'-containfed up/to 200 ug/1 of arsenic.̂  There is evidence that
trace amounts ofCarsenicX25 tq 50 ug) may actually be essential for human health.^
The reporte*b̂ oncenb̂ J«>n o/arsenic exceeds the primary Maximum Contaminant
Level (MCL) for^ublic drinking water supplies.̂
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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/I), chromium (701 ug/l),
nickel (635 ug/l), and barium (2,*60 ug/l) also exceeded primary MCLs (50 ug/I for
lead and chromium, 10 ug/l for cadmium, 150 ug/l for nickel, 1,000 ug/l for
barium).̂  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 iŝ i recognized human
carcinogen by the inhalation route. However, there is/rio ^onclusive evidence
linking the ingestion of chromium with cancer. The/oral Aoxicity of nickel is
considered to be low and there is evidence that small amountsxof dietary nickel
may be essential for human health. The most sensitive effects ofSte long-term
ingestion of nickel have been reported in animals^t 5JOOO ug/l. TSmong the effects
observed after several generations of exposure were/9s<Jecrease in litter size, an
increase in the number of runts, and r̂eaŝ J/pup/mortality.*0 Excessive
exposure to barium may adversely affect thexsardiovastjular system.̂

Manganese (*,*68 ug/I) and iron (lp3Ŝ JWKug£l) werXnrfported at levels greatly
exceeding secondary MCLs recomfcendedtp prevervTtoipleasant taste and odor (50
ug/l for manganese, 300 ug/l for iron). Ar̂ jre repoj/ted level, iron might also pose
a health hazard. The chrpjaic. intawe of excessive dietary iron can lead to
hemosiderosis, an abnormal accumulations.of ir\n in body tissues, particularly the
liver and reticuloendô liaj/s7̂ tem\?hxĵ n deposition may subsequently result
in tissue dysfunction,

Aluminum was/fneasureoX̂ v a concentration (458,500 ug/l) that substantially
exceeds a 7-̂ y Sugg«̂ ed NdtAoWse-Response Level (SNARL) of 5,000 ug/l. The
SNARL iŝ aseo\upon aNstudj on rats in which decreases in liveV glycogen and
coenzyme A^were the/mmn/al observed effects.^ There is no MCL or other
drinking water criterion for/vanadium, but the reported level (1,107 ug/l) would not
be expected to be toNic/n 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.**
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Site Name: C&R Battery
TDD No.: F3-85Q3-29

*'/'
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, manganese, nickel) were
confidently reported at elevated levels in filtered MW sanrfplesS The reported lead
levels could not be confirmed by the quality assurance jCTiemî js (see section 6.2.2).
The levels reported in filtered samples were substantially belowNjipse measured in
unfiltered samples. The sampling results sugg^^th^tTROSt ofNhe inorganic
contamination that was measured in the unfliteral samples was obe to/the presence
of undissolved, suspended particulates, the mobility oTNvhich would be anticipated
to be limited in groundwater systems. Xne poî jnial /nobility of the inorganic
contaminants could increase, however, if >substantia/'amounts of acid were to
infiltrate the soil and groundwater. Sulfuric abid is reported to be among the
wastes present on site. Acids canŷ cre1t&e<.4ĵ wa'teXsafubiiity of lead and other
metal/metalloid salts. \ ^̂ >̂\ v/v
The potential health hazardŝ thal mayN>e posep by the levels of inorganics present
in the filtered samplesXre fewer ano\less^severe than those posed by the
concentrations in unfiljered/5*a?fcples£ The\j«sible carcinogenic risk posed by the
long-term daily ingestion oiStje measured level of beryllium (5 ug/l) is estimated to
be 3.7 x 10'̂  (3.7 in lÔ ftpO). Thlreported levels of lead (up to 23 ug/l, if present),
cadmium (6.6 ugfl), arT3Ni|bkel (lly ug/l) are below primary MCLs. However,
cadmium andf posaiWy- lead\oncvurations exceeded proposed RMCLs (5 ug/l for
cadmium and 20̂ jg/l foX leadl.̂  RMCLs are nonenforceable health goals. The
RMCL fortead has'bee/ proj/osed to insure the protection of children, the most
sensitive sub population. Measured levels of iron (up to 6,198 ug/l) and manganese
(up to 2,063 ug/l) eHceMed secondary MCLs. These levels might affect the
palatability of the water, but are not of apparent concern to human health.

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

7.2.2 Off-Site Contamination

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 stream, which receives
runoff from the site, discharges into the James River 600 feet rtorth of the site.

Samples were collected from 3 local private wells. With the pô ble exception of
the sodium concentration (211,600 ug/l) measured iJvtl3ê 2ii:ft>te frorrN*ome well no.
8, there were no inorganics measured in these unaltered sampjes/̂ t levels of
concern to human health. Lead was not reported ar o/̂ pve the contract required
quantitation limit of 5 ug/l in any off-site yell samples.

\ <
The iron and manganese levels measured in horneN̂ ells nb>Ji (65* ug/l iron, 51 ug/l
manganese) and no. 11 (3,971 ug/l ̂ nT̂ Tfrt-̂ ug/l, mahgaptese) exceeded secondary
MCLs. The levels might affect fee palatability oTtt̂ e water, but pose no health
threats.

The level of sodium measured in the home weVl no. 8 sample might pose a health
hazard to individuals /natŷ reN on̂ eve'KiApT moderate sodium-restricted diets.
Those potentially at̂ isk irtajuae individuals with hypertension, congestive heart
failure, renal disease, cirrhosis 4if the liver, toxemia of pregnancy, or Menieres
disease, individt»«Ts*onprbJNr>ged corjicosteroid therapy, and, possibly, infants.^**2
A guideline A ZOjjWQsUg/l ̂  sb<tfum in drinking water has been suggested to
protect hijjn risl̂ populaljions.f Adverse health effects may occur in individuals
who are orNsevere sajtrrestritted diets and whose daily sodium intake must be

I restricted to 50bsjng per da/; if the sodium concentration in drinking water exceeds
20,000. *2 For individuals/That are on a moderate sodium-restricted diet (less than
2,000 mg/day), the portion that is allowable to water intake varies. In many cases,
an allowance is made for concentrations of up to 100,000."
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Site Name: C&R Battery
! TDD No.: F3-8503-29
I ———————
V—^ Sediment samples were collected from the site-adjacent stream at up- /and
I downstream locations; aqueous samples could not be collected becausê 'the

streambed was dry. With the exception of a slightly increased level of cadmium in
I 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 similar to or
I less than the concentrations measured in the upstream sample. Lead levels in both

samples were similar (530 and 5** mg/kg). Although the/leaoyconcentrations are
( s u b s t a n t i a l l y above averages (10 to 20 mg/kg) report̂  for̂ spils and sediments,

they are not unusual for soils.M3 As previously notica, lead haslseen measured in
natural soils at concentrations of up to 700 mg/l̂ x̂̂ maŷ ê notebvthat a lead

I concentration of 3,**0 ug/l was reportedly measured in a downstream aqueous
sample that was collected in 1982 (see sectiono.6) ffyfî fts drainageway.

The generation of lead dusts from the sitemjeht potentially result in a general
| contamination of local soils and surface waters. lisenvirohjnental lead levels were

to become elevated, they might impact tjpoTTHheJocaTilji'ra and fauna. It may be
] noted that an endangered bird species, thtj-ed-cockadeia woodpecker, is reported to
N*-̂  range within the site area, although 1^ hasNnot b/e»/sighted in the immediate site
. vicinity (see section 3.8).

Y
i

Prepared b/: V 1 I___________________ Date; February 18, 1986
/delbaum, Ph.D.

fist

7-8
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1. COST CENTER:

ACCOUNT NO.:

3. PRIORITY:

QCHIGH

Q MEDIUM

n LOW

8. GENERAL TASK DESCfll

REM/FIT ZONE CONTRACT
TECHNICAL DIRECTIVE DOCUMENT (TDD) F3-8503-29

4. ESTIMATE OF
TECHNICAL HOURS:

180

4A. ESTIMATE OF
SUBCONTRACT COST:

5. EPA SITE ID: 6. COMPLETION DATE:

VA-281

SA. EPA SITE NAME:
C&R Battery

Richmond. Va. 3 wks. after O^

7. REFERENCE INFO.:

EYES ONO
CjAnACHED

£5 PICK UP

pTiniu- Conduct a site inspection of the subject site.

•

Q fiPFriPirFIFMPNTR-

1.) Review background information.
2.) Contact state and local aeencies for relevant information.
3.) Arrange for site access. Coordinate lab analysis.
4.) Perform samcline accordine to aooroved samoline olan preoared under TDD F
5.) Conduct on and off-site inspection and sampling.
6.) Take and shin sarnies accordine to standard protocol.
7.) Prenare and submit field trio report due 2 wks. after site Inspection.
8.) Perform Duality Assurance Review of lab data.
9.) Prepare and

"•!6SR5&fWHffi"l
submit report, include In
!nis project; to oe perronr

cover letter recommendations for need_

10. INTERIM
DEADLINES:

i-8502-13.

if HRS.

IS acordhfJW= "WSIlUJ Rev.l. FORMAL BRIEFING D

19 PrtHMPNTS-

13. AUTHORIZING RPO:

<n-or. n«*. n*i

</-̂ 4/ (r &*>

P/MiTii-y Pft^A 7«n

14. DATE:/ / .̂

(SIGNATURE) ' < '

15. RECEIVED BY:

^
0̂ ACCEPTEn/̂ ~U[̂ tEPTED WITH EXCEPTIONS Q] REJECTED " / /

Slf'fdAA *- (r̂ f* _ 7/̂ /5̂

^ / (CONTRACTOR RPM SIGNATURE) // f

Sheet 1 Whita - FITL Copy Shc«t 3 Pink - Contracting Offictr'i Copy (Wuhington, D. C. I
Shtat 2 Canary - DPO Copy Sheet 4 Golden rod - Project Officer's Copy (Washington, 0. C.)
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1- •̂•"•"'. ='•••.
-v\> I'»--» W-N". V V * 'tf̂ V;̂ ;7'-̂ r̂.-?\ '•

SITE WELL
NO 2

. ,̂fflLSTORAGE

^ '.r ES RIVER PLANT
(PROPERTY LINES UNKNOWN!

_ . LANDFIL
' '~"" m "*'•

fCSR BATTERT
f»_——-, - «w^ \

THIS SUBDIVISION
ALL ON PRIVATE WELLS
^ *J \ -^ v jw * •

-Chimne
Corner

'\*'- '\'̂  ' H"-r'•*/"rr '• .r~ ̂'!-vr̂ '̂̂ v':-;l$%̂*"̂-L'*il, \̂ -..
. • tl-.'̂ V-"':1"' *\'s : '̂ ^̂ '̂:-'̂-:̂ /̂̂*-'̂f-'''~~̂.-T'; \ '; • .•••»

•
"

>• "j

SAMPLE NUMBERS CORRESPOND WITH
IDENTIFICATION NUMBERS ON SAMPLE
DATA SUMMARY AND SAMPLE LOG

1 MIL!

SOURCE:(7.5 MINUTE SERIES) USGS DREWRYS BLUFF, VA.QUAO

SITE LOCATION /MAP&GROUNWATER SAMPLE LOCATIONS .FIGURE.
C a R BATTERY RICHMOND VA.

SCALE 1:24000 ___ CORPORATION
A Halliburton Company



WOODED AREA

TANKS
1 (APPROXIMATE
• LOCATION)

ACTIVE OPERATION

REPORTED LOCATION OF
CONCRETE PAD

RAILERS

TRUCK
PARKING AREA

EARTH
DIKE

CA*TAL OIL COMPANY

OFRCE

BELLWOOO ROAD

OPEN FIELD AREA

_____ FIGURE 2
SITE SKETCH

CaR BATTERY SITE RICHMOND VA. ______
(NO SCALE) I—LJ CORPORATION

A Halliburton Company
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O SAMPLE LOCATION
(NUMBER IDENTIFICATION
CORRESPONDS WITH
SAMPLE IDENTIFICATION
ON SAMPLE LOG AND
SAMPLE DATA SUMMARY)

WOODED AREA

1* TANKS
j (APPROXIMATE
' LOCATION)

2 ONSITE
WELLS

CAPITAL OIL COMPANY

. ACTIVE OPERATION

REPORTED LOCATION OF
CONCRETE PAD

TRUCK
.—I PARKING AREA

T̂RAILERS
Ĵ V'*2* EARTH

ONSrTE DIKE

OFFICE
O"

BELLWOOO ROAD

- 5 OPEN FIELD AREA

FIGURE 3
SAMPLE LOCATION MAP

C&R BATTERY SITE RICHMOND VA. ___
(NO SCALE) L̂ l-J CORPORATOR

A Halliburton Company
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WOODED AREA

TANKS
! (APPROXIMATE
' LOCATION)

II
REPORTED LOCATION OF
CONCRETE PAD

ACTIVE OPERATION . OFFICE

TRUCK
PARKING AREA

EARTH
DIKE

BCLLWOOO ROAD

OPEN FIELD AREA

____FIGURE 4
PHOTO LOCATION MAP

C a R BATTERY SITE RICHMOND VA. ______
(NO SCALE) L_L-1 CXDF*=ORAnON

A Halliburton Company
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SOURCES) Bue map developed from U.5.C.S. 7.) minute topographic map seriesi
Drewry's Bluff, VA 19S1 photo revised, Dutch Cap, VA 1911 photorcvtied,
Chester, VA 1969. Home well locations developed from telephone
conversations with A. Wajciechildiki of the Henrlco County Public Utility !"*?•*-
Dept., T. Cook, and B. Brown, Chesterfield County Public Utility **
Department and from water tine distribution system layout map as
provided to NUS FIT HI by T. Cook of the Chesterfield County Public WELL NUMBERS CORRESPOND TO
Utility Department. • - WELL QATA SUMMARY SHEET

ATTACHED

3 MILE RADIUS MAP FIGURE 5_
C8R BATTERY SITE. CHESTERFIELD CO..VA ' •—'—--• J"̂ *̂

(SCALE AS INDICATED} CTC 'N
A Halliburton Con'-n " v
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SOURCE: CROSS SECTION DEVELOPED THROUGH INTERPREATION OF HYDROGEOLOGIC FRAMEWORK OF THE VIRGINIA COASTAJ

PLAN BY A MEN<3 AND J.F. HARSH.USGS 1984
____ FIGURE 6 _

HYDROGEOLOGIC CROSS SECTION
C8R BATTERY SITE RICHMOND VA.

^̂ K.

A Hallitxjrton Company
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23 May 1984 PROPOSED SITE RECLAMATION PLAN - C & R BATTERY SITE

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

a copy of which 1s attached, the number of tons of lime were calculated

for an area controlled by each sampling point, and to a depth as tested.
I This volume was computed using the Parts per Thousand Indicated In the

tests. This methodology as referenced 1h the EPA publication mentioned
| on Page 1 calls for the pH of the soil lime mixture to be raised to 6.5.

The calculation sheet dated May 8, 1984 Indicates the amounts of
I agricultural ground limestone required 1n each area. The total amount

of this type lime required 1s 100 tons to bring the pH to 6.5 1f mixing
could be accomplished with laboratory precision.

4. PARAMETERS AND PROPOSED PLAN: Since the Hme will have to be mixed with the soil
by readily available grading and farm Implements, a 50* excess will be

used to allow for the Inevitable less than perfect mixing. In addition
1 C&R Battery management proposes to use a burnt Hme, which has more

readily available (OH)" hydroxyl Ions.

It is proposed to plow the areas required to a depth of two feet, and

] apply the Hme 1n the quantities calculated Including the 50% excess.
The so1l-l1me mixture will then be mixed by multiple rotary discs until

' a uniform mixture 1s observed. A light sprinkling, 1 gallon per square
J yard will be applied to promote the reaction 1f 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 Hrne forming lead hydroxide

Pb(OH)2 which 1s a very low solubility product. The excess hydroxyl
Ion 1n the soil would preserve this condition. The area would then

be protected from percolating water that might remove this excess lime.
i

n •*• 100215



23 May 1984 PROPOSED SITE RECLAMATION PLAN - C & R BATTERY SITE
f
, We propose to accomplish this portion of the stabilization by capping
I the area treated with a six Inch layer of Impervious clay,;spread over

the top and in a two foot deep trench at the edges of the treated
i area, all compacted to 95X Proctor.

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

All surfaces not covered by the Industrial process operation or the

waste treatment facility will receive four inches of topsoll and be
seeded with fescue grass, with proper fertilization and protection
until a stand 1s obtained.

5. CONCLUSION: With this treatment and capping, utilizing the burnt lime and the

50% excess we can expect a pH above 7 and well on the basic side of
neutral. The lead 1n the soil will have Its solubility reduced and
lead migration will be reduced to the point where the industrial
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.

Y
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVC« ONE HUNDRED YEARS OF SEflWCF*

^^ i

1i§1 December 30, 1983

No: K-52-397-12-A />°̂ "

Prelcminary Analysis of Soil

Made For: Cobough Blanton Associates
P.O. Box 8822
Richmond, Virginia 23225

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

Sample No. Sample I.D. pH Value Total Lead (pb). Bg/1
1 HP-1, 0 to 1.0' 6.9 . 17.997 tr1**
2 HP-1, 1.0 to 2.0' 5.7 22,000
3 HP-1A, 0 to 1.0' 6.7 4396
4 HP-2, 0 to 0.5' 7.0 43,569
5 HP-2A, 0 to 1.0' 7.2 3431
6 HP-2A, 1.0 to 1.3' 8.2 3233
7 HP-3, 0 to 1,0' 5.2 ' 7857
8 HP-3, 1.0 to 2.0' 3.7 91.7
9 HP-4, 0.0 to O.S1 11.8 25,755
10 RP-5, 0.0 to 0.8' 7.6 62,958
11 HP-6, 0,0 to 1.0' 10.6 13,366
12 HP-6, 1.0 to 2.0' 12.3 32,391
13 HP-6A, 0.0 to 1.0' 4.8 4589
14 HP-6A, 1.0 to 2.0' 4.5 292
15 HP-7, 0.0 to 1.0' 5.8 35,379
16 HP-7, 1.0 to 2.0' 4.6 6039
17 HP-8, 0.0 to 1.0' 5.5 29,595
18 HP-8, 1.0 to 2.0' 3.5 . 1114
19 HP-9, 0.0 to 1.0' 6,0 25,583 100218

HEAOOUAKTEKS:3015DUMBAmONROAO*BOX27S24*RICHMOND.VA. 23261 •
TEL (604) 2M-2701
BRANCHES: ASHEWLLE. NC • BALTIMORE. MD • CHARLOTTE. NC • CRQZET.VA •
FAVETTEVILLE NC • GREENVILLE. SC • NORFOLK.VA • RALEIGH NC• ROANOKE.
VA • LYNCH8URG.VA _ _

CHMTKHMCMM* CNMTCRMCtMCM HCMWMtMCt HO*



«IN CI

i r i

Sample No, Sample I.D. pH Value Total Lead (pb). ag/1

20 HP-9, 1.0 to 2.0' 4.6 446
21 KP-9A, 0.0 to 1.0* 4.6 22,172
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,

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

vr-ovaTter
Chemist
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE"

\ No: L-52-034-4-A
i

Analysis of Soil

Made For: Cobough Blanton Associates
P.O. Box 8822
Richmond, Virginia 23225

Re: C&R Battery Works
Chesterfield County, Virginia

Method of Test: E.P.A. 600/2-78-054 -~
Lime requirement by S.M.P. Buffer page 67

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

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

Sample tons per 1000 tons of Soil

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 100220

HEADQUARTERS: 3015 DUMBARTON ROAD • BOX 27524 • RICHMOND.VA. 23261 •
TEL (804) 264.2701
BRANCHES: ASHEV1UE. NC • BALTIMORE. MD • CHARLOTTE. NC • CROZET.VA •
FAYETTEV1U.E. NC • GREENVILLE. SC • NORFOLK,VA • RALEIGH. NC • RQANOKE,
VAcLYNCHBURG.VA.
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Agricultural Ground Limestone
with T.N.P. 90 X +,

Sample • tons per 1000 tons of Soil

22 8.3
23 13.0
24 15.5
25 6.8
26 8.0

Note: The above values represent that amount of limestone per unit to raise
pH to 6.5.

Respectfully,

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

Y
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v
COMMONWEALTH of VIRQINIA

STATE WATER CONTROL BOARD ,.,
I1*1"1? N-8urton Piedmont Regional Offk* t;%//v , ,. BOARD MEMBiO.cutit.Dir̂ tor JohnH.Ariai,..

, >«t Off let Bo, 11143 «X B« 6745 .
1 ehmond, Virginia 23230 fiicAmond, Krrinia 23230 VtoCh*irnu<
i (8041267̂ )066 (804)257-1006

July 23, 1984 WttkimM.Abblt
I J o i t p h S . Crtgwci

David H. Millt
MHlart I. Rica.
Rob*n C. Winirv

I Mr. Charles L. Guyton
C&R Battery Company, Inc.
c/o Mr. C. B. Keblett, Jr.
Baer and Neblett

I 2907 Hungary Springs Road CERTIFIED MAIL
I Richmond, VA 23228 RETURN RECEIPT REQUESTED

j 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.

The plan was also reviewed by staff of the State Department of Health,
Bureau of Hazardous Waste Management. A copy of a letter dated June 25, 1984
from Mr. Robert Uickline Is enclosed for your information.

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 (CaO) should
then be used to raise the pH to 9.5. We recommend the use of hydrated
line 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 recommend-
ation on the quantities of the limes needed.

100224
An Affirmative Action/Kguul Opportunity Employee



Mr. Charles L. Guyton
Page 2

/V',"1'
2. A one-foot thick clay cap having a coefficient of permeability of

1 x 10-7 cm/sec will be required. The cap should be placed and compacted
In six inch lifts. The following information will be required on the
material to be used for the clay cap: A map which locates and gives the
exact dimensions of the borrow area for the material; the results from a
representative number of samples from the borrow material analysed per
appropriate ASTM procedures for particle Bice analysis, plastic and
liquid limits, and plasticity index; and laboratory permeability testing
of the material at or up to 42 above optimum water content compacted to
at least 952 Standard Proctor Density or 902 Modified Proctor Density.
A technical specification detailing the step-by-step placement of the cap
IB also required.

A foot of clay (vs. the proposed six inches) IB necessary to ensure that
an adequate cap is provided. It is difficult to achieve a uniform thickness
of six Inches if only a single six Inch layer IB provided. Also, the State's
Hazardous Waste Regulations Indicate that a two feet thick clay cap la needed
for cover of hazardous wastes. Although this case does not Involve hazardous
wastea, the lead concentrations in the soil are very high and, la 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 in accordance
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 soils engineer
be retained to supervise the performance of the reclamation plan and to do
the required testing. If a geotechnlcal 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.

3. 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 a 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 3

V> Of...
* 4. Please provide plans showing the finished grading of the site and the ait* V̂ ,,
i drainage system. As mentioned In previous correspondence, a minimum slope " •

of 12 is required on the finished site and positive drainage must be provided.

S 5. An erosion and sediment control plan should be prepared and submitted to
i Chesterfield County for review and approval. This plan should address erosion

control during the performing of the reclamation plan and until a healthy
stand of grass is obtained.

6. Please propose the location of three additional wells for ground water monitoring
l of the site. One of these three wells should be upgradient of the Bite.
. 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 I 12. Please
provide this data and revise the plan as appropriate.

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

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

Please resubmlt the reclamation plan to address the above concerns.

j If you have any questions or comments, please contact Mr. Ray Jenklns of
this office.

j Sincerely,

Peter L* Trexler, Director
Division of Surveillance, Field
Studies and Applied Technology

Jt

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. Wlckllne
Mr. Richard M. McElfish, P.E.
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COMMONWEALTH of VIRQINIA
Department of Health

U.O. -. , , _, -„„Richmond, Va. 23219

June 25. 1984

Peter L. Trexler, Director
Division of Surveillance, Field
Studies and Applied Technology

State Water Control Board
Piedmont Regional Office
4010 West Broad Street
Richmond, Virginia 23230

Dear Mr. Trexler;

We have reviewed the Sice 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 in 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 chese
materials be packaged without treatment, shipped and disposed of in accordance
with current Virginia Hazardous Waste Management Regulations.

Field tests to verify the amount of lime needed to treat the soil should
be made before proceeding (such verification Is implied on the drawing, but it
is not discussed in the plan). Lead In this soil matrix will be composed of
sulfates, carbonates, hydroxides and 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 better target since this Is in the normal
range of lead hydroxide precipitation. Tests could determine the optimal pH
for minimum lead solubility. Also, a pH of 7.0 or greater is normally needed
for lead absorption on clays.

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 must be covered with
asphalt or concrete. Any splash-prone areas should receive special
consideration.
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Peter L. Trexler
June 25, 1984
Page 2

This 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,

'Otfrtx/fx-fld<*4&**̂ *——
Robert G. Wickline, P.E.
Technical Program Director
Bureau of Hazardous Waste Management

RGW:438/mcw

cc: SWCB - Bureau of Applied Technology
SWCB - Bureau of Enforcement
Attorney General's Office - Mr. John Butcher
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GEOTECHNICAL STUDY

C & R BATTERY COMPANY
CHESTERFIELD COUNTY, VIRGINIA

I
fl

• ft INTRODUCTION
I il Upon the authorization of Mr. Lee R. Cobaugh, P.E., we
I have completed a geotechnlcal study at the site of the proposed

[| Improvements for C&R Battery Company on Bellwood Road In Chester
j 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. Our" study Included a recon-
nalssance of the site, review of a previous Investigation* test
borings, Installation of a ground water monitor well, and an
analysis of the collected data.

D
3
II

1
J

vl

SUMMARY OF FINDINGS
The soil In the top 3 feet 1s capable of supporting

the proposed concrete tanks and other minor structures. The
maximum allowable soil pressure Is 3500 psf.n

1 J On-s1te soil after stripping the top 8 to 12 inches
can possibly be used for constructing the berm after verification

j with additional testing.
The ground water level was 40 feet below the surfaceI

I
at the time of our investigation.
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l"
DESCRIPTION OF SITE

C&R Battery Company is located on the north -$,1de 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 1s along the east property line and flows
to the north and eventually to the James River. The difference
in elevation across the site 1s 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.

j*| Equipment and plant structures are in scattered areas over
1 the site.
Ill The area lies at the western edge of the Atlantic Coast-
' al 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-
_-jj ing thickness of strata. Boulders and cobbles are found at depths
I • of 35 to 50 feet.

i1
IF
IP

DESCRIPTION OF PROJECT
A layout plan entitled "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.

-2-
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j SUBSURFACE INVESTIGATION
' Two test borings and a groundwater monitor well wreVe,1
j ' made at locations suggested by the engineer. The two test

borings were made at tank locations, and the groundwater monitor
I 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
i present in the 20-foot boring.

The test borings were made using a truck-mounted drill
I rig with continuous-flight hollow-stem augers. Split-barrel

soil samples and standard penetration resistance values (N -
| blows per foot) were obtained simultaneously In accordance with

ASTM Method D-1586 at 2 feet, 4 feet, and then at 5-foot Inter-
1 vals to the bottom of each boring. Test borings 1 and 2 were

drilled to depths of 25 and 15 feet respectively.
I 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
kw> to the bottom of the boring at 5-foot intervals.

Observations were made In each boring for the presence
] of groundwater. Logs of the borings are 1n the Appendix,

A 2-inch PVC pipe with a 5-foot screen and 0.01-Inch
j 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.

DESCRIPTION OF SOIL
The site is covered with varying depths (1 to 10 Inches)

-3-
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of crushed stone, pieces of batteries, and concrete
A 6-inch concrete slab is around the processing and plant opera
tions areas.

M Beneath the surface materials, there Is a stratum of
i I moderately firm gray clay with brown sand seams. The thickness

of the clay stratum Is estimated at 3 to 8 feet. The clay Is
I I 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 a

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.

-0, The sandy clay Is underlain by a 10-foot thick layer
\l of fine to coarse sand, which Is moderately dense. Starting at

37 feet to the bottom of the deepest boring there Is a dense
jj coarse sand and gravel.

Groundwater was measured at 40 feet during drilling
I, ant* following Installation of the monitor well.

ir
ir
ir

r
t

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. In 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
he used for constructing the berms after additional investigation
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U It will be necessary that we sample and test the clay 'to deter-
,̂•"11 mine If the clay has the desired soil characteristics for the

berm.
l| Groundwater is present in the coarse sand and gravel

J M »

j stratum which begins at a depth of 37 feet below the surface..
H Water was measured in the monitor well on December 20, 1983 at

j 40 feet below the surface. The water level 1s approximately
1 the level of the James River and the ground water level can be

j * expected to vary with the level of the river.

i j
I LIMITATIONS

1 The analysis and recommendations submitted 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-f I
k/ port does noi reflect any variations which may occur between

i these borings. The nature and extent of variations between the
1 * borings may not become evident until construction is underway.

If variations become evident, this firm should be notified so
1 i 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 soil conditions.
i We recommend that this report In its entirety, Includ-

ing the Appendix, be furnished as Information to prospective
! bidders. We disclaim all responsibility and liability for any

part which 1s 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 If they are consistent with our
recommendations.n

SAYRE & ASSOCIATES, p.cn
n
n

Ij

December 21. 1983 William R. Fully. P.E.
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NOTES TO BORING LOGS

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

1. 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 1n our laboratory.

2. 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.

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

4. 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 in the borings.

5. 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.

6. 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 (continued)

Definition of Terms and Abbreviations
All soil descriptions are based on visual examination and on the following
definitions of terms and abbreviations:

Components /.-" ;\
GRAVEL - particles larger than 1/4" diameter ' -

SAND - particles smaller than 1/4" diameter and larger than No,
200 sieve (individual grains visible to naked eye)

SILT - particles smaller than No. 200 sieve (individual grains*
not distinguishable); low plasticity to non-plastic

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

TOPSOIL - surface soil containing a significant proportion of
organic matter

FILL - man-made deposit

Composition
GRAVEL, SAND, SILT, CLAY

- major component (50% or more)

gravelly, sandy, silty, clayey
- secondary component (33% to 50%)

some - minor component (10% to 33%)

trace - minor component (1% to 10%)

and - two major components (nearly equal proportions)

Moisture
saturated - below water table

wet - much above optimum

moist - near optimum

dry - much below optimum

Structure
stratified - layers 1/2 to 12 Inches thick

laminated - layers less than 1/2 inch thick

Color
dark, light - significant difference in shade

mottled - irregularly colored, usually Indicates lack of drainage

WOH - weight of hammer
RQD - rock quality designation (% of core which Is 4" or longe

NSR - no sample recovered 1 00941



i BORING LOG
i BoriAa No.: 1 lEltvation -Too of BwiW «• 5* '

A
IPattoiBorine: ̂ PDecember 9. 1963

rVoi*«: 83056 C £ R Battery, Inc.
j Location: Bellwood Road, Chesterfield County, Virginia
I Type of Boring: Hollow-stem auger
i jilting Contractor: Ayers t> Ayers, Inc., Richmond, Virginia
| |Oapih Stratum Oncripilon
I o

l
I s
1,.
1
1"
I.
L
I"
I ,

I I*

I

; 1
:'B

V-

— <-rusnea stone, pieces otplastic and gray clay—fc—————— ————«— —*.«•_ t— »••.•«•-.

l_Cray CLAY

Gray sandy CLAY

-

L Brown SAND and GRAVEL

" Brown siltv SAND
_ Boring terminated at 25.0 ft.

•̂•̂•j

•̂•̂

^̂ ĥ

_

Sampl*
Ototh

1.5
3.0
4.5
6.0

8.5
10.0

13.5
15.0

17.0
18.5
20.0

22.5
23.5
25.0

*und Wattr Data:
^ttrl«Vtli< ———————— —— ft halaUiffA..nrf̂ ,.fu.. t»

>o ground water encountered during dr:

brnpla Blows'
Cofi Recovtfv"*

5-7-6
3-3-6
3-7-12

8-6-8

8-10-9

2-7-6
3-3-6

52 in 6"
7-14-21

Sampla Datcripiion

Cray CLAY, moist
Sray CLAY, moist
Gray C

Gray f

Gray f
moist

LAY with brown sand seams, moist

ine sandy CLAY, trace silt, moist

ine sandy CLAY, trace gravel

Gray fine sandy CLAY, moist
Brown

Brown
Brown

s. af tar complttion.

.lling.

* No. of Blow! 140-lta. Hamm*r. 30- in. Fait. Rtquirtd to Drtvt 2 in. O.O.

sandy CLAY, wet

SAND and GRAVEL, moist
silty fine SAND, moist

SAYRE & ASSOCIATES, p.c.
Geottchniol Engineer*
Richmond, Virgin!*

, 1.375 in 1.0. Sampiar 6 Inehtt, 1 U U 4 ̂ 4 ̂

|

Cort Rtcovtry at ftreint of Ltngth of Drill Run,



ftorinqNo.: 2 Eitvation - Tĉ Boring: 45±' | D»i««» r̂ pf December 9, 1983
•roittt: 83056 c & R BatterTi Inc.

I Location: Bellwood Road. Chesterfield County, Virginia
Typtof Boring: Hollow-Stem aUQOr
Drilling contractor; Ayers fi Ayers, Znc. , Richmond, Virginia

I Depth Stratum Dtscription
0

' 1

1 ' "
1 !
1 ' ", I
>̂ 25

! !
1 l "
| 1
« 35

i '
i " "
: I
' 45

r~ Concrete slab - 6"
- — Crushed stone - 4-6" ——— - —

Gray CLAY
-

~ Brown micaceous sandy CLAY

-

_ Bo ring terminated at 15.0 ft.

Samptt
Depth

2.0
3.0
4.0
5.0

9.0
10.0

14.0
15.0

1 1 ————————————————————————————————
Ground Wattr Data:

Vtfat»r l«wfl if __ f(. bt<O*<V Q'PV̂  IV̂ K* . .,„..!_ ,.**

^^' 1 No ground water encountered during dr

Samplt Blows*
Cart Rtcovtry"

9-7

11-20

8-14

4-5

Samplt Dtscription

Gray 'CLAY, trace sand, moist

Brown micaceous sandy CLAY, trace s
moist

Brown micaceous sandy CLAY, trace E
moist

Brown micaceous sandy CLAY, trace :
wet

r,..f«r common . SAYRE & ASSOCIATES, t

Geotcchnictt Engineers
Llling. Richmond, Virgin*

• No. of Blowi 140-Ib. Hammtr. 30-in. Fall. Rtquirtd to Drivt 2 in. O.D.. 1.375 in I.D. Sampitr 6 Inchn.
*• Corf Recovtry as Ptrctnt of Ltnffth of Of ill Run.

LOC which art a pan of this tog. 100243



"•| A BORING LOG

i Pr<5b* 3 lEltvation- Top of Boring: 431±' lOattof Bor.ng: December 19, 19B3
froitct: C fi R Battery
Location- Bellwood Road, Chesterfield County, Virginia
Typt of Boring: Hollow-stem auger
Drilling Comr««or: Ayers £ Ayers, Inc., Richmond, Virginia
Dtpth | Stratum Description
0

6

10

15

20

25

30

35

4G

45

l — PlLL-crushed stone, plastic 6"

Cray CLAY

—

-

Brown and gray sandy
CLAY

i
Boring terminated at 20.0 ft.

-

—

—

—

—

>

Samplt
Dtpth

Ground Wattr Data:
W«»rtow»t if „. _._. , If bt'fMf J»OW«d IU'f»C» , ., .. h

No groundwater encountered during dri

Samplt 6 lows*
Cort Rteowtrv** Samplt Dtscription

•'*:'--V'v >,. -»1£.
i''l'':,1_

2" PVC pipe installed. 5* screen
with 0.01 inch opening at bottom
of hole.

„ .t,.,comPl.,ion SAYRE & ASSOCIATES, p.c
Geotechnictl Engineers

mn9- Richmond. Virgin!*

w
rt .

' No. of Blows 140 Ib. Hammtr. 30-in. Fall. Rtouirtd to Drivt 2 in. O.D.. 1.375 in l.O. Sampltr 6 InchtJ. f\t\f\ A A
** Cort Rtcovtry as Ptrctnt of Ltngth of Drill Run. X U U ̂  4 4

CM MATES TO BORING LOG twhieh mrm » B«rt of this loo.



frcjtct: 83056 C fi R Battet> Inc. — —————
1 Location: Bellwood Road, Chesterfield County, Virginia ' ———————————— ———

Typtof Boring: Hollow-stem auger " "~ '" — " ——————— 1
Drilling Contractor: Ayers & Ayers, Inc., Richmond, Virginia —
Dtpth Stratum Dticription
C

^

10

15

20

^

30

! 3S
fi
! 40

i

- Gray CLAY

**

a*

•̂ ^

~ Brown and gray sandy CLAY
im

v»

!••*•

!•*

•<HB>

- Brown SAND

- Brown SAND and GRAVEL

• Borinq terminated at 45.0 ft.

S*mplt
Depth

24.5
25.5

»c
30.5

35.5

39.5
40.5

44.0
«o* w

Ground Wattr Data:
Wfimr \fuml if 40<0 ..*t, h+'OW flrfMinrf turlmfm 1/2 h.

•

Samplt Blows'
Cort Rtcovtry"

Probe

to

24ft.

15-17

8-12

7-10

20-25

40-45

Samplt Dtieription

Gravel seam at 9.0 ft.

Brown and gray sandy CLAY, moist

Brown fine to medium SAND, moist

Brown fine to medium SAND, moist

Large gravel)

Brown coarse SAND AND GRAVEL,
saturated
; Running sand)

Brown coarse SAND AND GRAVEL,
saturated

i.*fttrcomptttion. SAYRE & ASSOCIATES, p.c.
C*otechnfc*f Engineers
Richmond, Virginia

' No. of B'owi 140 Ib. Hammtr. 30-in. Fall, Rtqui'td to Drtvt 2 in. O.D.. 1.375 in I.D. Sampltr • Inchtt.
•' Cort Rtcovtry as Ftretnt of Unpth of Drill Run,

$«t NOTES TO BORING LOG which art * pan of th« log. 100245



• INCC

FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE"

1 1 • l *Richmond, Virginia |) i 1
December 30, 1983 1̂]$**

* ̂
6

Cobaugh Blanton Associates
- p. o. BOX 8822 -^.
1 Richmond, Virginia 23225 AGO-
1

Re: Summary of Field Exploration
1 C&R Battery Works
1 Chesterfield Co., VA

\ Gentlemen:

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
W

than 2.0 feet as noted in the descriptions. Probe HP-1 was offset ±5.0 feet in orde

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

. 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 in plastic sample bags, properly labeled andt
fastened to minimize the possibility of contamination.

, Very truly yours,
i

FROEHLING & ROBEETSUN,

P. Cassitfy, Manager
' ^Geotechnlcal^ Departme

JPC/dw

1EADOUAfVTEMS:30150UMBARTONROAD«OOX27524»RICHMONO.VA 23261 *
TEU804) 264-2701
BRANCHES'. ASHEV1LLE. NC • BALTIMORE MO • CHAPLOTTE. NC • CHOZET VA •
FAYETTEVIUE. NC • GREENVILLE. SC • NOWOLK.VA • RALEIGH, NC • ROANQKE.
VA.LYNCMBUBG,VA ............. CĤ €.M€M«.
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Distribution:

cc: Hulcher & Associates
2114 Spencer Road
Richmond, Virginia 23230
Attention: Mr. Bub Cort
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•

, C&R BATTERY WORKS

* F&R #K-55-221

I
Hand Probe No. Depth Description

. HP-1 0.0-1.0' Brown Silty CLAY with Metal
I and Plastic Debris
• 1.0-2.0* S-2
I H a n d Auger Refusal d u e t o debris (plastic)

S-2 offset 5* from S-l

HP-1A 0.0*1.0' Gray Clayey Fine to Coarse S-l
} SAND, Little Silt, Little
i Gravel
. Auger Refusal @ l.O1 due to gravel

* HP-2 0.0-0.5* Gray Clayey Fine to Coarse S-l
SAND, Little Silt, Little

' Gravel with Plastic
Auger Refusal @ 0.5' due to gravel

I H P - 2 A 0.0-1.0' Gray Clayey Fine to Coarse S-l
SAND, Little Silt, Little
Gravel

I 1.0-1.3' S-2
Auger Refusal @ 1.3* due to gravel

I HP-3 O.O-l.O1 Brown Silty CLAY, Little Fine S-l
to Coarse Sand

1.0-2.0* S-2
1 Probe Terminated @ 2.0'

HP-4 0.0-0.5' Brown Silty CLAY with Hydrated S-l
Lime(?)

Auger Refusal @ 0.5* due to concrete

HP-5 0.0-0.81 Gray-Brown Silty CLAY S-l
v/Plastic & Debris

Auger Refusal <? 0.8*

100248



•'""

C&R BATTERY WORKS CONTD.

I Hand Probe No. Depth Description Sample N
HP-6 0.0-1.0' Gruy-Brown Silty CLAY, S-l

I Little Fine to Coarse
Sand with Hydrated Lime(?)
Saturated 0-10"

1.0-2.0' S-2
Probe Terminated 0 2.0'

HP-6A 0.0-1.0' Brown Silty CLAY, Little S-l
Fine to Coarse Sand

1.0-2.0* S-2
i Probe Terminated @ 2.0*

HP-7 0.0-0.3* Gray to Brown Silty CLAY (wet) S-l
. 0.3-2.0* Brown Fine Sandy CLAY S-2

Probe Terminated 9 2.0'

I HP-8 ' 0.0-2.0' Brown Fine Sandy CLAY S-l
v /Little Gravel S-2

Probe Terminated @ 2.0*

HP-9 0.0-0.21 Gray-Brown Silty CLAY
w/Plastic

0.2-1.1* Brown Silty Fine SAND w/Some S-l
Clay

1.1-2.0* Brown Silty CLAY S-2
Probe Terminated @ 2.0'

HP-9A 0.0-0.8* Grny-Brown Silty CLAY w/Plastic S-l
0.8-2.0' Gray-Brown Mottled Silty CLAY S-2

Probe Terminated (? 2.0'

HP-10 0.0-1.2' Gray-Brown Silty CLAY w/Plastic S-l
& Metal Debris

1.2-2.0* Gray-Brown Mottled Clayey SILT S-2
Probe Terminated @ 2.0'

HP-11 0.0-1.2* Gray-Brown Silty CLAY w/Plastic S-l
& Metal Debris

1.2-2.0' Gray & Light Brown Clayey SILT S-2
Probe Terminated @ 2.0*
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE"

1111 December 30, 1983

No: K-52-397-12-A >......,. ,..,,
•S"-J;

Preleminary Analysis of Soil

Made For: Cobough Blanton Associates
P.O. Box 8822
Richmond, Virginia 23225

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

Sample No. Sample I. P. pH Value
I HP-1, 0 to l.O1 6.9
2 HP-1, 1.0 to 2.0' 5.7
3 HP-1A, 0 to l.O1 6.7
4 HP-2, 0 to 0.5* 7.0
5 HP-2A, 0 to l.O1 7.2
6 HP-2A, 1.0 to 1,3* 8.2
7 HP-3, 0 to l.O1 5.2
8 HP-3, 1.0 to 2,0( 3.7
9 HP-4, 0.0 to 0.5* 11.8
10 HP-5, 0.0 to 0.8* 7.6
11 HP-6, 0.0 to 1.0* 10.6
12 HP-6, 1.0 to 2.0* 12.3
13 HP-6A, 0.0 to 1.0* 4.8
14 HP-6A, 1.0 to 2.01 4.5
15 HP-7, 0.0 to 1.0* 5.8
16 HP-7, 1.0 to 2.0* 4.6
17 HP-8, 0.0 to 1.0* 5.5
18 HP-8, 1.0 to 2.0* 3.5
19 HP-9, 0.0 to 1.0* 6.0

HEADQUARTERS: 3015 DUMBARTON ROAD • BOX 27524 • RtCHMQND.VA. 23261 •
TEL (804) JW-2701
BRANCHES: ASHEVtUE. NC * BALTIMORE MO • CHARLOTTE. NC * CflOZET. VA •
FAYETTEVILLE. NC • GREENVILLE. SC • NORFOLK. VA * RALEIGH. NC • ROANOKE.
VA«LYNCHBURG,VA

CMAHTCNUCMKM CHMtTfH MCWMH MtMMAftNCt «b

Total Lead (pb), mg/1
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Sample No. Sample I.D. pH Value Total Lead (pb). mg/1

20 HP-9, 1.0 to 2.0* 4.6 446
21 HP-9A, 0.0 to l.O1 4.6 22,172
22 HP-9A, 1.0 to 2.01 4.2 3598
23 HP-10, 0.0 to 1.0f 4.7 42,344
24 HP-10, 1.0 to 2.0 3.8 2638
25 HP-11, 0.0 to l.O1 4.9 60,635
26 HP-11, 1.0 to 2,0* 4.3 9331

Respectfully,

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

'Chemist
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FIGURE 1

JAMES RIVER

CREEK

APPPDXIMA.TELY 1500' TO RIVER

Ditch sampled somewhere
below operation.
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Capitol 011

CONCRETE / ', building.)
PAD

C.
r\ BEUWDOD ROAD

upstream
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C&R Battery

I

fM\\Well #1 fM\V Ditch
j pH Pb pH Pb
3

10-3-78 3.01 1.38 2.76 2.77

1 7-17-78 2.95 1.16 2.20 3.96

4-24-78 3.00 2.51 1.50 4.64

1-20-78 6.20 0.20 3.9 4.26

10-3-77 2.70 3.44

8-30-77 3.80 4.21

7-14-77 3.80 4.25

6-23-77 4.40 3.35

5-19-77 4.40 3.54

4-26-77 4.25 2.66

3-21-77 3.35 2.19

2-15-77 4.5 1.59

Well #2

7-30-76 - 6.7 0,05-

j 7-26-76 5.40 0.43

6-25-76 4.20 1.88 6.5 0.05-

I 5-14-76 5.95 1.05 6.7 0.05-

; 4-6-76 4.8 1.38 6.3 0.05

3-23-76 6.0 0.05 6.4 0.05

3-8-76 6.5 0.05

2-10-76 5.15 0.55
i
i 2-3-76 4.72 0.89 6.65 0.05-

1 1-27-76 6.05 0.05- 6.25 0.05-

. 1-20-76 5.62 0.05- 6.40 0.OS-
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FROEHLING & RC . 2RTSON, INC.
FULL SERVICE LABORATORIES •ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE" WAR

Ho: J-52-061-2-A February 23, 1982

Sampling & Analyais of Water cVe-I

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

Marked: (1) Sample taken from veil next to C & R Battery Co. office
(2) Sample taken from ditch running ghrough C & K Battery Co.

property
(3) Sample taken from gink In Capitol Oil Co. building
(A) Sample taken from drainage ditch on the north side of

Bellwood Road, approximately 60' veat of C & R Battery Co.
property line.

Samples taken 2/19/82

0 - 0 - 0
111 121 131 141

pH Value 5.3 5.1 6.2 6.5
Lead (?b)t mg/1. 0.20 0.76 :0.05 0,57

Respectfully,

FROEITLI1IG & ROBERTSO!!, INC.

I August A. Thlarne
Chief Chemist & Director
Chemical & Biological Services

••'-> '-.Ss - -_«̂ ZT
,Kay Showalter
Chemist

HEADQUARTERS: 301S DUMBARTON ROAD • BOX 2 7524 • RICHMOND.VA 23261 •
TEL(B04)2M-2701

int.M NO BRANCHES' ASMEVIII E. NC • flAl TlMOnE. MO • CHARLOTTE. NC • CHO7ET.VA •..
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SINCE

FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL

, ^ . j "OVER ONE HUNDRED YEARS OF SERVICE"

1681

No: J-52-061-5-A May 26, 1982

Sampling & Analysis of Water

Made For: C. & R. Battery Co.
P.O. Box 3715 ^p •
Richmond, Va. 23234 ';'!;,'
Attn: Mr. Charles Guyton

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 Oil Co. building.
(4) Sample 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 - 0 - 0•

(1) (2) (3)

pH Value * 3.7 6.1 7.1

Lead (Pb), mg/1 * 3.446 0.05 5.97•

1 * Unable to take sample No. 1 due to pump not being operational

Respectfully,

FROEHLING & ROBERTSON, INC.

I August A. Thleme
Chief Chemist & Director
Chemical & Biological Services

HEADQUARTERS: 3015DUMBARTON ROAD* 60X27524 • R1CHMOND.VA. 23261 •
TEL (604) 264-2701
BRANCHES: ASHEVtLLE. NC • BALTIMORE. MO• CHARLOTTE, NC•CROZET,VA•
FAYETTEVILLE. NC • GREENVILLE. SC • NORFOLK.VA • RALEIGH. NC * ROANOKE,
VA«LYNCHBURG.VA.



FROEHLING & RC 2RTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE*

1881
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Mo: J-52-061-8-A August 19, 1982

Sampling & Analysis of Water

Made For: C&R Battery Co. *••":'•....:•'
P.O. Box 3715 tf̂ -"1
Richmond, Va. 23234
Attni Mr. Charles Guyton

Marked: (1) Sample Csfem veil 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 Oil Co. building.
(4) Sample taken front drainage ditch on the north aide of Bellwood

Road, approximately 60* west of C. & R. Battery Co. property line.
Samples taken 8/16/82,

121 121

pH Value * 6.3 6.0 6.4

Lead (Pb), mg/1 * 0.10 0.05 0.10

Respectfully,

FROEHLINC & ROBERTSON, INC.

I August A. Thletne
Chief Chemist & Director
Chemical & Biological Services

Chemist

HEADQUARTERS: 3015 DUMBARTON ROAD • BOX 27524 • RICHMOND.VA 23261 •
ft TEL 1804)264-2701
" NO BRANCHES ASHEVILLE NC • BALTIMORE. MO• CHARLOTTE. NC »CROZET VA •

1002 FAY, nrvtltt (K.-f.htt MVII1 t. Sr>NOhKrtK,VA»nAlfl(iH.NC«HOANOKE © 0100260
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FROEHLINu 8 ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE"

^
t . 1§-B1

October 7, 1982

j No: J-52-061-10-A HG,V-

Sampling and analysis of water

Made For: C&R Battery Co.
P.O. Box 3715

I Richmond, Virginia 23234
Attn: Mr. Charles Guyton

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

i pH Value 5.0

• Lead (Pb), mg/1 ' 0.32

• Respectfully,

I August A. Thleme
Chief Chemist & Director

• Chemical & Biological Services

HEADQUARTERS: 3015 DUMBARTON ROAD • BOX 27524 • RICHMOND.VA. 23261 •
TELI804) 264-2701
BRANCHES: ASHEVfLLE. NC • BALTIMORE. MD • CHARLOTTE, NC • CHOZET.VA •
FAVETTEVILLE. NC • GREENVILLE. SC • NORFOLK.VA • RALEIGH. NC • ROANOKE.
VA.LYNCHBURG.VA.

OumEM M«MIEII Otwn» MCMKM
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SINCE

MAIN OltlCt AM* ItlOl.tOI'lt

FROEHLING 4 ROBERTSON. INC.
MATERIALS TESTING A INSPECTION — ENGINEERS ft CHEMISTS • ••«* t..».*,».,„

CA»LE ADDRESS — "FROEHUNG" «£"• "I1""1 •—*»
1 • g 1 CIO1K *4TIH|nut. MI4«t<til

November 19, 1982

No: J-52-061-11-A d̂ -:
Sampling & Analysis of Water

Made For: C&R Battery Co. /fOĈ *" tSJWtĉ UA—-̂ * "'" 4 /Qo»
P.O. Box 3715 OJ
Richmond, Va. 23234
Attn: Mr. Charles Guyton

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 Oil 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

pH value * 4.4 6.1 6.4

Lead (Pb), mg/1 * 0.08 <0.05 <0.05

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

Respectfully,

s3&'*Sl*r '̂ ' /̂ *~~
August A. Thieme
Chief Chemist & Director
Chemical & Biological Services

Showa
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.

100262
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SINCE

FROEHLINT3 & ROBERTSON, INC.
FULL SERVICE LABORATORIES »ENGINEERING/C
"OVER ONE HUNDRED YEARS OF SERVICE" MAy
FULLSERVICELABORATORIES- ENGINEERING/CHEMICAL ]/>*

'

April 30, 1983

No! K-52-077-4-A

Sampling and Analysis of Water

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

Marked: (1) Sample taken from veil 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 Oil Co. building.
(4) Sample taken from drainage ditch on north side of Bellwood

Road, approximately 60' vest of C. & R. Battery Co. property
Line.

Samples taken 4*27*83

pH Value 5.3 6.3 5.9 7.0

Lead (pb), mg/1 0.26 0.68 <0.05 0.42

Respectfully,

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

HEADQUARTERS: 3015 DUMBARTON ROAD • BOX 27524 • RICHMOND VA 23261 •
TEL1604) 264-2 701
BRANCHES: ASHEVtLLE. NC • BALTIMORE. MD • CHARLOTTE. NC • CROZET.VA •
FAYETTEVIUE. NC • GREENVILLE. SC • NOflFOLK.VA • RALElGH, NC • ROANOKE,
VA.LYNCHBURG.VA
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SINCE

Î Tl̂  FROEHLING f ROBERTSON, INC.
I r Self I FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL

| 11 |\l "OVER ONE HUNDRED YEARS OF SERVICE"

1881 October 31. 1983

No: K-52-077-10-A

Sampling and Analysis of Water

Made For: C & R Battery Co.
P.O. Box 3715
Richmond, Virginia 23234 '
Attn: Mr. Chalres Guyton 'I

Marked: (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 Oil Co. building.
(4) Drainage ditch on North side of Bellwood Road, approximately 10* West

of C & R Battery Co. property line.
Samples taken 10-31-83

^ (1) (2) (3) (4)

] pH Value 3.6 * 6.2 6.7
' Lead (pb), mg/1 0.79 * £0.001 1.10
i
i

* Unable to take sample due to ditch being dry.

Respectfully,

August A. Thleme
Chief Chemise & Director
Chemical & Biological Services

HEADQUARTERS 3015 DUMBARTON ROAD • BOX 27524 • RlCHMOND.VA 23201 *
TEL it>G4i 264-2701
BRANCHES: ASHEVtLLE. NC • BALTIMORE. MD • CHARLOTTE. NC • CROZET. VA •
FAYETTEVILLE, NC • GREENVILLE. SC • NORFOLK.VA • RALEIGH. NC • ROANOKE.
VA«LYNCHBURG.VA OMNTCH MCMCI M MCutc* S<KI not



SINCE

FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE" March 12 1984n £ ''rv7'-"' '.'.'-• ••:• ...... „ *'̂̂

L-52-120-3-A

Sampling & Analysis of Water

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

Marked: (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 Oil 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

pH Value 6.2 6.5 6.3 6.5
Lead (pb), mg/1 0.32 0.22 *10.001 0.077

Respectfully,

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

£hemist

HEADQUARTERS 3016 DUMBARTON ROAD • BOX 27524 . RICHMOND.VA 23261 • /
TEL 16041 264-2701 'J
BRANCHES: ASHEVILLE. NC • BALTIMORE, MO • CHARLOTTE. NC • CROZET.VA • i
FAYETTEVILLE, NC• GREENVILLE, SC • NORFOLK,VA • RALEIGH. NC • ROANOKE, ' • ̂a." • '' '
VA»LYNCHBURG.VA ""

l.rtAMlflMLMULH
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FROEHLING & ROBERTSON, INC.
FULL SERVICE LABORATORIES • ENGINEERING/CHEMICAL
"OVER ONE HUNDRED YEARS OF SERVICE"

1I§1 December 30. 1983

j No: K-52-397-12-A

Preliminary Analysis of Soil \ ::

! Hade For: Cobough Blanton Associates
P.O. Box 8822
Richmond, Virginia 23225

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

Sample No. Sample I. P. pH Value Total Lead (pb), eg/I
1 HP-1, 0 to l.O1 6.9 . 17,997 ff*+
2 HP-1, 1.0 to 2.0' 5.7 22.000
3 HP-1A, 0 to l.O1 6.7 4396
4 KP-2, 0 to 0,5' 7.0 43,569
5 HP-2A, 0 to 1.0' 7.2 3431
6 HP-2A, 1.0 to 1.3' 8.2 3233
7 HP-3, 0 to 1,0' 5.2 " 7857
8 HP-3, 1.0 to 2.0' 3.7 - . 91.7
9 KP-4, 0.0 to 0.5' 11.8 25,755
10 HP-5, 0.0 to 0.8f 7.6 62,958
U HP-6, 0.0 to l.O1 10.6 13,366
12 HP-6, 1.0 to 2.0' 12.3 32,391
13 HP-6A, 0,0 to 1.0f 4.8 4589
14 HP-6A, 1.0 to 2.0' 4.5 292
15 HP-7, 0.0 to 1.0' 5.8 35,379
16 HP-7. 1.0 to 2.0' 4.6 6039
17 HP-8, 0.0 to l.O1 5.5 29,595
18 HP-8, 1,0 to 2.0f 3.5 , . 1114
19 HP-9, 0.0 to l.O1 6.0 ' 25,583 - 00OR9

TH*r
HEADQUARTERS: 301$OUMBAffrONROAO«eOX2?524*RtCHMONO.VA. 23281 •
V. 1604)264-2701
I ANCMES ASHEVILLE. NC • BALTIMORE. MO* CHARLOTTE. NC • CROZET.VA •
I 'ETTEV1LL6 NC • GREENVILLE. SC • NORFOLK. VA • RALEIGH. NC« ROANOKE.
VA.OfNCMBURG.VA.

MWW* SINCE WM



SINCE

ltd

Sample Ko. Sample I.P. pH Value Total Lead (pb),

20 HP-9. 1.0 to 2.0' 4.6 446
21 HP-9A, 0.0 to 1.0* 4.6 22.172
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

i.wr}.

Respectfully,

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

-vf •owalter
Chemist
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J HYDROGEOLOGIC FRAMEWORK OF THE
i-

Vv VIRGINIA COASTAL PLAINr
By Andrew A. Meng III and John F. Harsh

Open-File Report 84-728

! Richmond, Virginia

f • 1984
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ILLUSTRATIONS

(Plates are 1n back of report)

Plate 1. General hydrogeologic column and regional
correlations for sediments of the Virginia
Coastal Plain.

2. Map showing location of control wells* well
numbers, and lines of hydrogeologic sections.

3-13. Hydrogeologic sections:
3. A - A* from well SIRS, Stafford County, to well 60L199

Northumberland County, Virginia
4. B - B1 from well 52N16, Caroline County, to well 54R3,

King George County, Virginia
5. C - C1 from well 52J5, Hanover County, to well 57P1,

Westmoreland County, Virginia
6. D-D' from well 54G10, Charles City County, to

well 60L19, Northumberland County, Virginia
7. E - E1 from well S1K8, Hanover County, to well 59020,

Newport News, Virginia
8. F - F1 from well 54G10, Charles City County, to

well 6182, Chesapeake, Virginia
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 - I1 from well 58A2, Suffolk, to well 5809.

Isle of Wight County, Virginia
12. J - J1 from well 52A1, Southampton County, to

well 6105, Virginia Beach, Virginia
13. K - K1 from well 58A2, Suffolk, to well 62C5,

Virginia Beach, Virginia
14-30. 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 top 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 Brlghtseat aquifer
22. Thickness of the Brlghtseat confining bed
23. Altitude of top of the Aqula aquifer
24. Thickness of the Nanjemoy-Marlboro Clay confining bed
25. Altitude of top of the Ch1ckahom1ny-P1ney 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 aquifer
30. Thickness of the Yorktown confining bed
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CONVERSION FACTORS

Factors for converting Inch-pound units to the International System (SI) of
units are given below:

Multiply By_ To obtain

ft (feet) 0.3048 m (meters)
ml (miles) 1.609 km (kilometers)
mi2 (square miles) 2.S90 km2 (square kilometers)
ft/ml (feet/mile) 0.18943 m/km (meter per kilometer)
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HYDROGEOLOGIC FRAMEWORK OF THE VIRGINIA COASTAL PLAIN //:':t'

by A. A. Meng III and J. F. Harsh
ABSTRACT

This report defines the hydrogeologic framework of the Virginia Coastal Plain
and Is a product of a comprehensive regional study to define the geology,
hydrology, and geochemistry of the northern Atlantic Coastal Plain aquifer
system extending from North Carolina to Long Island, New York.

The Virginia Coastal Plain consists of an eastward-thickening wedge of
generally unconsolldated, Intcrbedded sands and clays, ranging 1n 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 0 feet along the Fall Line. Eight confined aquifers, eight con-
fining beds, and an uppermost water-table aquifer are delineated as the hydro-
geologic framework of the Coastal Plain sediments 1n Virginia. The nine
regional aquifers, from oldest to youngest, are lower, middle, and upper
Potomac, Brlghtseat, Aqula, Chlckahomlny-Plney Point, St. Marys-Choptank,
Yorktown-Eastover, and Columbia. The Brlghtseat Is a newly Identified and
correlated aquifer of early Paleocene age. This study Is one of other, slml-

I l a r studies of the Coastal Plain areas In North Carolina, Maryland-Delaware,
New Jersey, and Long Island, New York. These combined studies provide a
system of hydrogeologic 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
use of geophysical logs, drillers* Information, and stratlgraphlc and
paleontologlc data. By correlating geophysical logs with hydrologic, stra-
tlgraphlc, and,paleontologle data throughout the Coastal Plain, a comprehen-

! s 1 v e multllayered framework of aquifers and confining beds, each with distinct
llthologlc properties, was developed.
Cross-sections show the stratlgraphlc relationships of aquifers and confining
beds 1n the hydrogeologic framework of the Virginia Coastal Plain. Maps show
conflnlng-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 a comprehensive observation well network
1n 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 a regional scale 1n 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, 1n the northern Atlantic Coastal Plain that extends from
North Carolina to Long Island, New York (fig. 1). Subsequently, the
northern Atlantic 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-
lating ground-water flow 1n the Coastal Plain 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 Is 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 report are to: (1) Identify and divide the sedi-
ments of the Virginia Coastal Plain Into regional hydrogeologic units; (2)
delineate and describe the boundaries, stratlgraphlc 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 regional 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 1s to define a system of hydrogeologic units for the
Virginia Coastal Plain that correlates with a regional hydrogeologic
framework. The regional hydrogeologic framework 1s 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 hydrogeologic units, as presented in this report, have
been divided Into nine regional aquifers with eight confining beds, encom-
passing nine geochronologlc epochs that range in age from Early Cretaceous to
Holocene. This hydrogeologic framework correlates areally and hydrologlcally
with units In adjoining States. The hydrogeologic units In the Virginia
Coastal Plain are described In terms of age, Hthology, stratlgraphlc posi-
tion, configuration, areal extent, depositlonal environment, regional correla-
tions, and' their characteristic geophysical log signatures; beginning with the
oldest stratlgraphlc 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 a 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 1s approximately 125 miles wide
across the northern section, and 165 miles long along the western section. It
Is 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 through the cities of Alexandria,
Frederlcksburg, Richmond, Petersburg, and Emporia (fig. 2), and closely
corresponds to the present route of Interstate 95. The study area Is also
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 1s
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 1n 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 (194Sa, 1957)
describes the hydrogeology of southeastern Virginia and the York-James
Peninsula. Sinnott and Tibbltts (1954, 1957, 1968) define the availability of
ground water and the uppermost stratigraphy 1n the Eastern Shore Peninsula of
Virginia. 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 for 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 1n 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 subsurface 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 1n 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); Gushing, Kantrowitz, and Taylor (1973); Onuschak
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(1972); Oaks and Coch (1973); Blackwelder and Ward (1976); Doyle (1977); Doyle
and Rooblns (1977); Hansen (1978); Blackwelder (1980); Gleason (198U); ward
and Blackwelder (1980); Ward (1980); Meisler (1981); Larson (1981); and Glbson
(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 Utho-
logy, stratigraphy, and ground-water resources of the study area and the
adjoining States was reviewed and synthesized. Water-well and stratlgraphlc
test-hole data consisting of borehole-geophysical logs, drillers' logs, well
completion reports, geologic logs, and paleontologlc and core-sample analyses
were compiled. This Information, together with hydrogeologic Interpretations
provided by adjoining northern Atlantic Coastal Plain RASA studies, supplies
the data used to define the regional hydrogeologic framework of the Virginia
Coastal Plain.

Borehole-geophysical logs and drillers' Information, supported by pertinent
stratlgraphlc and hydro!ogle data, were used to provide the basis for the
Identification, correlation, and definition of the areally comprehensive hydro-
geologic framework of the Virginia Coastal Plain. Borehole-geophysical logs
are a qualitative, graphic representation of the subsurface environment
penetrated by drilling. These logs portray a continuous, scaled record of the
character of the subsurface sediments, and are used to Identify formations 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 <md 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 lithologlc 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 Uthologic fades changes in units and dip directions of
strata that contain particularly high gamma-emitting Hthologles or marker
beds. Drillers' 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 Hthology of cuttings
collected from the drilled holes. Paleontologlc analyses of cuttings and core
samples provide blostrat1graphic data on the ages of sediments. Core-sample
analyses also provide Information on specific lithologlc and deposltlonal
characteristics of the subsurface sediments not otherwise obtainable from
drill cuttings.
Lithologlc trends 1n 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 stratlgraphlc and lithologlc relationships
obtained from different drilled holes over large areas and areally extensive
lithologlc and geophysical marker beds. Log signatures depicting sand litho-
logies are Identified and labeled as aquifers on the geophysical logs; in
contrast, log signatures depicting clay Uthologles are Identified and labeled
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^x as confining beds (fig. 3). A regional correlation of aquifers and confining
j beds In the Virginia Coastal Plain was developed by comparing geophysical
' logs and chronostratlgraphic and Hthostratigraphic units across adjoining

State boundaries.
I
I Well-numbering System

j The well-numbering system used by the Geological Survey in Virginia 1s based
] on the "Index to Topographic Maps of Virginia" (U.S. Geological Survey, 1978),

Topographic map quadrangles covering 7 l£-m1nutes 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
• quadrangles are numbered 1 through 69 from west to east beginning at 83*45'

west longitude, and lettered A through I (omitting letters I and 0) from south
i to north, beginning at 36*30* north latitude. The area covered by the Coastal
I Plain Includes generally tne quadrangles numbered from SO to 69 containing the

letters from A to V. Wells are Identified and numbered serially within each
7 V2-m1nute quadrangle. As an example, figure 4 shows the south-central sec-
tion of the study area. Well 53A2 is in quadrangle 53A and Is the second well
1n that quadrangle for which the location and other data were recorded by the
Geological Survey. All wells selected as controls for this hydrogeologic

1 framework are listed by Increasing well number in the Appendix of this
I report.
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• GENERAL GEOLOGY

i The study area 1s 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 (fig. 5) composed principally of unconsolldated gravels, sands, silts,

^-^ and clays, with variable amounts of shells. This sedimentary wedge generally
1s devoid of hard rocks, although calcareous cementations are present locally,
forming thin lithlfled strata. The unconsolldated deposits rest on a rock
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•,v
surface, commonly referred to as the "basement," that slopes gently Eastward.
The sediments attain a 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 Temperancevllle, Virginia
(fig. 5). Coastal Plain sediments thin westward to nearly zero thickness at
the Fall Line and are highly dissected by streams throughout the western
region. Small, Isolated eroslonal 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 1s less than 100 ft In altitude and one-fifth Is covered by water,
principally the Chesapeake Bay. The land surface Is highest along the Fall
Line, especially In the northwestern part of the study area. The sedimentary
section, In general, consists of a thick sequence of nonmarlne 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 deposltlonal units strike
approximately parallel, or subparallel, to the Fall Line. The average dip of
each successively younger deposltlonal unit decreases upward, with the oldest
deposits dipping nearly the same as the basement-rock surface (about 40 ft/ml)
and the youngest deposits dipping less than 3 ft/ml. Sediments range In age
from Early Cretaceous to Holocene, and have a complex history of deposition
and erosion.

Depos1t1on'al History

Many different deposltlonal 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 exposed at the surface within the study area consist of
Early Cretaceous, Pal eocene. Eocene, OHgocene, Miocene, Pliocene,
Pleistocene, and Holocene. Sediments of Late Cretaceous age are overlain by
younger sediments, and are not exposed at the surface 1n 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, OHgocene, 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 a 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 llthostratlgraphlc groups based primarily orr 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 1n relation to sea level, and thick sequences of fluvial-deltaic
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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 subaerlal deltas that prograded Into the Cretaceous seas.
As the deltas developed, the deposltlonal pattern gradually changed to a
lower-gradient, subaqueous environment throughout the latter half of the Early
Cretaceous. Early 1n the Late Cretaceous, the first major marine
transgression occurred, which Inundated the eastern half of the study area
with shallow seas and broad estuaries. A marine regression soon followed that
resulted In a long period of nondeposltlon which lasted throughout most of the
remaining Late Cretaceous. Toward the end of the Late Cretaceous, marine seas
once 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 marls was deposited. Throughout the following Tertiary
period, Interbaslnal marine seas covered the study area to varying degrees and
deposited relatively thin, but areally extensive, sediments that consisted
primarily of glauconlte, diatoms, sands, silts, clays, and shells. These
Tertiary marine deposits represent two major Uthologlcally distinct groups:
the glauconltlc sands, silts, and clays of the Pamunkey Group; and the shelly
clays, silts, and sandy clays of the Chesapeake Group. Sediments of
Quaternary age, which compose the Columbia Group, overlie most of the Tertiary
deposits. The Columbia Group Includes fluvial and marine deposits that
reflect 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 limit of the overlapping unconsolldated 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 deposltlonal sequences. Deposition 1n the Virginia Coastal
Plain was affected by three major 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 notlcably •
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 considerably 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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l ' '"''L Cretaceous sediments. Lower to middle Tertiary marine deposits also thicken
*̂~S toward the axis of.the embayment In'this area, but tne 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 high Is located midway In the southern section of the
study area. This structural high was originally termed the "Fort Honroe
High," by Richards and Straley (1963), and now 1s more commonly referred to as
the "Norfolk Arch" (Glbson, 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. Stratlgraphlc evidence Indicates that the Norfolk arch was
most active throughout Late Cretaceous and Paleogene time (J. P. Owens, U.S.
Geological Survey, oral coramun., 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 nondeposltlon or erosion. Like the Salisbury
embayment, this arch has not notlcably affected 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 glaucon1te-r1ch Salisbury embayment
to the north from the limestone-rich Albemarle embayment to the south. The
arch Is probably the controlling structural feature responsible for the
general lack of limestone-type deposits in the Coastal Plain areas to the

^y north, fcslng relatively higher than the surrounding baslnal areas, this arch
modified the the deposltlonal 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 baslnal lows.
South of the Norfolk arch, deposition in the Virginia Coastal Plain was
Influenced by yet another basement low 1n central North Carolina, and named
the "Albemarle Embayment11 by Straley and Richards (1950). This embayment,
also referred to as the "Hatteras Low" by Johnson and Straley (1953), Is a
broad open-ended sedimentary basin that dips gently eastward. The south flank
of the Norfolk arch 1s 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. In this area, limestone-stringers and limey-matrix deposits of
Paleogene age are common. These limey deposits become more numerous and
thicker 1n the northern North Carolina Coastal Plain (M. 0. Winner, Jr.,
Geological Survey, oral common., 1982), and eventually thicken Into the exten-
sive limestone beds of Eocene, OHgocene and Miocene age in the central North
Carolina Coastal Plain.

HYDROGEOLOGIC FRAMEWORK

The regional hydrogeologic framework described in this report Identifies and
delineates eight major confined aquifers, eight major confining beds, and an

x uppermost water-table aquifer* Recognition of the nine aquifers and eight
confining beds Is based on Hthologic and hydrologic characteristics of geolo-
gic formations, and is 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 stratlgraphlc 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-
binations or divisions of geologic formations.

The hydrogeologic names of aquifers and confining beds used 1n this report are
based on the name of the predominant geologic formation, or formations, that
comprise each unit. Geologic names are used so that a clear and concise rela-
tionship 1s developed between stratlgraphlc formations and their hydrologlc
properties. With this geologically orientated nomenclature, the hydrogeologic
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 hydrogeologic 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 1n the Virginia Coastal Plain with those In adjoining
States are Included In the description of each aquifer and confining bed based
on written and oral communications with 0. A. Vroblesky (U.S. Geological
Survey, 1984) In Maryland and M. E. Winner (U.S. Geological Survey, 1984) 1n
North Carolina. The correlative aquifer unit names In adjoining States are
terms applied by the RASA studies 1n 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 hydrogeologic names, as was done for the Virginia
Coastal Plain. These correlative confining beds are commonly denoted as "the
confining bed.overlying..." a particular 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 deposltlonal 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 deposltlonal history was
controlled primarily by the Albemarle basin system, 1s similar in deposition
and stratigraphy to the study area to the north, and, therefore, these units
are denoted accordingly.

The regional hydrogeologic units Identified 1n this study and the corres-
ponding hydrogeologic units of adjoining RASA studies are Illustrated on plate
1. Also Illustrated are diagnostic and correlative ages, stages, pollen
zones, corresponding group names and formation names, Hthologles, origins,
and areal distribution of each framework unit, together with a combined
idealized single-point electric resistivity and lithologlc log representative
of the total hydrogeologic section. This plate provides a quick reference for
the characteristics and correlations associated with the regional hydrogeolo-
gic units Identified throughout the Virginia Coastal Plain. Table 1 provides
an overview of significant Virginia Coastal Plain stratlgraphlc nomenclature,
from a review of present and past literature, relative to the hydrogeologic
units Identified 1n this study and the corresponding modeling units used in
the ground-water flow model developed under the Virginia RASA study (Harsh and
Lacznlak, 1983, p. 592).
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Stratlgraphlc 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 Identifiers and their
locations arc shown on plate 2 together with the lines of hydrogeologic sec-
tions (plates 3-13) that were developed to Illustrate the stratlgraphlc rela-

1 tionshlps of the hydrogeologic units. These control wells were selected on
* the basis of location and quality of the geophysical, hydrologlc, and stra-

tlgraphlc data.
1 Stratlgraphlc- 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 Chesapeake Bay

to the Fall Line, and south of the James River, contain the most complete data
; required for hydrogeologic correlations. In areas where data arc not
! available, or where borehole Information does not extend deeply enough, hydro-

? geologic units are correlated by projecting dips of the units from known data
f points, commonly from the updlp sections, Into those areas that lack suf-

ficient data. Two major areas that commonly lack data are the Chesapeake Bay
j and the Eastern Shore Peninsula.

Hydrogeologic correlations of the lower hydrogeologic 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 1n this

area. Water wells located on Tangier Island (63L1, plate 2) end the water-
test well (6202, plate 2) located at mllemarker 3.7 on the Chesapeake Bay
Bridge-Tunnel provide only partial borehole Information to depths of 1,000 ft
and 1,500 ft, respectively. The uppermost hydrogeologic units beneath the
Chesapeake Bay and Its tributaries were studied In detail because of Interest

|1n the eroslonal effects Induced by sea-level lowering during Pleistocene gla-
ciations. This erosion created deeply Incised stream channels 1n the Coastal
Plain sediments (Hack, 1957; Harrison and others, 1965), which caused a
disruption in aquifer and conflnlng-bed continuity and a change In the dlstrl-
bution of hydraulic heads within the affected aquifers.
The hydrogeology of the sediments beneath the Eastern Shore Peninsula have
been previously Investigated to a depth of approximately 450 ft (Sinnott and
Tibbltts, 1954, 1957, 1968; Fennama and Newton, 1982). This area only has
three wells—the J4J Taylor oil-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 greater. Only the J&J Taylor well (66H1, 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 66M1.

The Information obtained from the Interpretation and correlation of geophysl-
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.
Outcrop areas of the geologic formation, or formations, that form hydroyeolo-
gic units are Illustrated on the Geologic Map of Virginia (M1Hc1, Splker, and
Wilson, 1963). It Is Important to note that, in many cases, the hydrogeologic
units constitute only the sandy or clayey fades of specific geologic for-
mations and, therefore, represent an undefined part of the geologic outcrop
areas.
Identification of each hydrogeologic unit Is based on blostratlgraphlc and
llthostratlgraphlc analysis obtained from literature describing outcrops, core
samples and/or cuttings. A test hole (well 58H4, plate 2) was. drilled, 1n
cooperation with the Virginia State Water Control Board's Bureau of
Surveillance and Field Studies, to obtain stratlgraphlc and hydrologic data by
analyses of core samples, cuttings, water-level measurements, water samples,
and geophysical logs. Correlation and delineation of the Identified hydro*
geologic units are based on compiled data In combination with the Interpreta-
tion of geophysical logs, drillers1 logs, and water-level data.

Basement Complex

The basement, which 1s overlain unconformably by the unconsolldated deposits
of the Virginia Coastal Plain, generally consists of a uently eastward-dipping
eroslonal surface of warped, crystalline rocks (plate 14). This 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
highly deformed metamorphic rocks that'range In age from Precambrlan to Lower
Paleozoic (MUlcl, Splker, and Wilson, 1963), but also Includes unmeta-
morphosed, consolidated sediments and Igneous Intruslves of probable Trlasslc
age within Isolated grabens and half grabens (plate 14). It seems reasonable
to assume that basement rocks underlying the Coastal Plain 1n Virginia are
similar to the adjacent exposed rocks of the Piedmont terrain. It should be
noted that evidence 1s conflicting (Brown and others, 1972; Doyle and Robblns,
1977) concerning the presence of consolidated Jurassic sediments within the
study area. If, in fact, these consolidated sediments are present, they would
be considered as part of the basement complex in 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 Irregular, undulating surface com-
posed of the aforementioned variable lithologies. Many authors document these
Irregularities 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 eroslonal scarps. Other studies, however, (Mlnard and others, 1974;
M1xon and Newell, 1977) suggest that major breaks 1n slope of the basement
surface can be attributed more to faulting and warping than to erosion. In
wells that penetrate the basement, drillers' logs Indicate that a saprolltlc
mantle overlies the basement surface In many places, which suggests that not
all of the underlying basement surface was eroded* The basement surface forms
the basal limit of the study area and 1s overlain principally by sediments of
the lower Potomac aquifer. The basement surface is overlain by younger-age
deposits only near the Fall Line.
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I Lower and lowermost Upper Cretaceous Potomac Formation

\^> Fluvial-deltaic continental and marginal-marine deposits of Early to early
i Late Cretaceous age constitute the basal llthostratlgraphlc section known as
I the Potomac Formation (R. B. Mixon and A. J. Froellch, U.S. Geological Survey,

oral commun., 1982). This stratlgraphlc section comprises the six lowermost
I hydrogeologic units and consists of three aquifers and three confining beds In

the hydrogeologic framework of the Virginia Coastal Plain. These hydrogeolo-
I glc units are the lower, middle, and upper Potomac aquifers and the
i corresponding lower, middle, and upper Potomac confining beds. The Potomac

] Formation, as used 1n this report. Is commonly referred to In the literature
i as the Potomac Group. The Potomac sediments consist of a massive, eastward*

i thickening wedge of Interlenslng gravels, sands, silts, tnd clays. Throughout
I t h e study area, the Potomac Formation rests nonconformably upon the basement

rock surface and Is separated by major regional unconformities from the
{ overlying latest Cretaceous and various Tertiary deposits.

1 The Potomac sediments crop out Just east of the Fall Line In the major river
i valleys of the study area and in an extensive arcuate band extending from the
I northwestern part of the study area northeastward through Maryland. Clark and

I B I b b l n s (1897) divided the Potomac sediments Into four formations based on
characteristic llthofacles recognized In outcrops between Washington, O.C., and
Baltimore. The four formations consist of, from oldest to youngest: the

I P a t u x e n t Formation, Arundel Clay, Patapsco Formation, tnd rocks of the former
"Maryland Rarltan" now assigned to the Patapsco. Corresponding associated
I1tholog1e$ of these four formations consist of massively bedded, light*

« colored coarse arkoslc clayey sands and sandy clays that commonly contain gra-
L j vels; massively bedded clays and finely laminated carbonaceous clays, commonly
*v"x light to dark In color; Interbedded medium, lenticular sands and well-bedded,

highly colored clays; and Interbedded fine, blanket sands and thinly to
j thickly bedded, dark-colored clays. Similar lithologlc units have been
i recognized (Cederstrom, 1945a; Spangler and Peterson, 1950; Richards, 1967) In

the Potomac section throughout the study area, although they are not generally
j mapped as such because of their seemingly similar and discontinuous nature.
I Lack of definitive age relationships for the various Potomac sediments In the

subsurface has, in the past, also hindered areal correlation of major Hthlc
I units owing to the sparslty of readily apparent guide fossils associated with
j these continental-deltaic deposits.

In Virginia, the Potomac sediments have not been as extensively studied as
) those In Maryland. Early studies of the Virginia Coastal Plain (Darton, 1901;
• Clark and Miller, 1912; Sanford, 1913) divided the Potomac sediments Into the

Patuxent and Patapsco Formations based primarily on lithologlc and stra-
! tigraphic similarities with the type formations in Maryland. Later studies,
i however, generally have not recognized these formal divisions. These later

studies can be divided Into two basic groups: those that refer to the Potomac
sediments as "Potomac Group undlfferentlated" (primarily Cederstrom1s works);

I 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
1 Potomac sediments of Early Cretaceous age in the study area. This "Patuxent"

should more properly be referred to as "Potomac Group undlfferentlated," In
>^ comparison with other lithologlc and stratlgraphlc studies (Brenner, 1963;
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Glaser, 1969; Robblns, Perry, and Doyle, 197b; Ooyle and Hickey, 1976;
Christopher and Owens, 1980).

The characteristically variable Utnologies and sparse macrofosslls have made
past stratlgraphlc correlation of these sediments as formations difficult,
especially In the subsurface. The study of palynology, (pollens and spores)
has recently produced a systematic zonatlon scheme that qualitatively Iden-
tifies and correlates the age relationships of sediments. This zonatlon 1s
based on the analysis and Identification of Index ralcrofossll flora that
resulted from the evolution of land plants and are recognized world-wide as
age Indicators.. Palynologlc, studies, of the Potomac .sediments provide, for the
first time, a comprehensive stratlgraphlc zonatlon 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 1n the Potomac section
of Maryland and Virginia resulted In the development of the first comprehen-
sive palynostratlgraphlc zonatlon that definitively correlates the ages of
sediments In outcrop with the ages of sediments In the subsurface. Other
detailed palynologlcal studies by Groot, Penny, and Groot (1961), Brenner
(1967), Ooyle (1969), Wolf and Paklser (1971). Slrkln (1974), and Doyle and
Hickey (1976), have led to Important modifications and a more complete zona-
tlon of the total Potomac section. Robblns, Perry, and Doyle (197$) recently
refined Brenner1s zonatlon based on palynologic analysis of samples from four
deep oil test wells located within the Salisbury Embayment. The palynostra-
tlgraphlc zonatlon scheme developed by-the above studies Is now recognized and
used to define the standard stages of the Cretaceous Potomac Formation.

V , Combined palynostratlgraphlc analyses (Brenner, 1963; Robblns, Perry, and
^ Doyle, 1975; Ooyle and Hickey. 1976; Doyle and Robblns, 1977; Relnhardt,

Christopher, and Owens, 1980; L. A. Slrkln, Adelphi University, written
commun., 1983) have Identified five major pollen zones in the Cretaceous
Potomac Formation of Virginia. These major pollen zones and their
corresponding ages are: pre-Zone I, Berr1as1an to Barremian; Zone I,
Barremlan to early Alblan; Zone II, middle to late Alblan; Zone III, early
Cenomanian; and Zone IV, middle to late Cenomanlan (plate 1). Other studies
(Glaser, 1969; Hansen, 1969a; Brown and others, 1972; Hansen, 1983) have pro-
posed that correlatable llthologlcal and deposltlonal 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 palynostratlgraphlc zonatlon, mode of deposition, litho-
loglc characteristics, and hydrologic data. These units are then correlated
and delineated throughout the study area by Interpreting of geophysical logs,
drillers1 logs, and water-level data. In 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 sllty
and clayey deposits.

Lower Potomac Aquifer

The lower Potomac aquifer, by definition, consists of sandy palynostra-
j tlgraphlc pre-Zone I and Zone I sediments of the Potomac Formation. These

*"^ sediments are early to middle Early Cretaceous (8err1as1an through early
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Alblan) 1n 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 Us extent
by the lower Potomac confining bed, except where 1t 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 Us 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 Us characteristics.
i

, From outcrops In Virginia, Berry (In Clark and Miller, 1912, p. 63) describes
I the Patuxent Formation as medium to coarse, light-colored quartz sands con-
| taining lenses and beds of Interstratlfled yellow, gray, and brown clays.
! Berry also reports that, In general, the sands are highly arkoslc, cross-

bedded and clayey, commonly with micaceous and lignitlc material, and that the
I Patuxent also contains varying amounts and sizes of gravels, either In beds,
I or sometimes Interspersed through strata of finer materials. Analysis of the

Lower Cretaceous deposits from the Oak Grove core (well 54P3, plate 2), by
| Reinhardt, Christopher, and Owens (1980), reveals that sediments of Cretaceous
I pollen zone I contain a massive lower Interval of thickly bedded coarse sands

i and associated clay-clast conglomerates. This lower Interval of pollen zone I
', sediments is herein Identified in the hydrogeologic framework of the Virginia
j Coastal Plain as the lower Potomac aquifer. Typically, the sands of this
j series are composed of medium to very coarse subangular quartz, with abundant

weathered potassium feldspar and some plagloclase. Reinhardt, Christopher,
_x and Owens (1980) also note that the well-bedded clays of this lower Interval
I a r e typically mixed-layer 1ll1te/smect1te, 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 stratlgraphlc test wells and high-capacity produc-

' tlon wells provide data required to correlate this aquifer. The lower Potomac
aquifer 1s capable of producing large quantities of water, but generally lie

| too deep for all but large Industrial applications. The overlying middle and
i upper Potomac aquifers supply much of the water used for smaller Industrial,

municipal, and domestic purposes. In addition, this aquifer contains
increasingly higher chloride concentrations in the downdip direction, which

i further restricts Us usage as a potable 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 lithologlc contacts among sands, clayey sands, and clays.
Very few patterns of gradatlonal, flnlng-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
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percentage of interstitial clays commonly found in the aquifer sands, or by
the higher chloride concentrations generally associated with the eastern half
of this aquifer unit. Corresponding natural-gamma log 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.are 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 drilled clays reach the surface as small, angular pieces.

The lithologlc heterogenlty 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) 1s 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 be used as a guide to Indicate the
approximate altitude at any specific site. Also, the uppermost part of this
aquifer, as U Is 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 paleoenvlronment consisted of a subaerlal
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 illitic clays in the lower Potomac
sediments of the Oak 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 a
whole, sediments of the lower Potomac aquifer appear to represent the
development of a continental delta (Reinhardt, Christopher, and Owens, 1930).

Lower Potomac Confining Bed

The lower Potomac confining bed 1s defined by the major clayey strata directly
above the lower Potomac aquifer. These clay beds are predominantly restricted
to upper palynostratlgraphlc zone I, but may also include younger sediments
(basal pollen zone II). For the most part, this confining bed 1s middle Early
Cretaceous (late Aptian to early Alblan) 1n age. The lower Potomac confining
bed correlates with confining bed 1 of Maryland and with the confining bed
overlying the Lower Cretaceous aquifer of North Carolina (plate 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). It overlies and transgresses the lower Potomac aquifer throughout the
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study area, except where the aquifer crops out and 1s overlain by the middle
Potomac aquifer. It attains a maximum known thickness of 173 ft (well 66M1)
in the northeastern part of the study area and thins to a featheredge along
Us western Halt near the Fall Line. The lower Potomac confining bed 1s
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 1n
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
Cretaceous section 1n the Oak Grove core (well 54P3) by Reinhardt,
Christopher, and Owens (1980), and Estabrook and Reinhardt (1980) provides the
most definitive lithologlc 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 Interval 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 1n the hydrogeologic framework described in this report.
Typically, the thickly-bedded clays and sandy clays of this Interval are
mixed-layer 1ll1te/smectite that also contain a high percentage of expandable
clays; while the laminated carbonaceous clays are predominantly kaollnltlc
(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 data from
deep stratlgraphlc test wells and high-capacity production wells can be used
to correlate this unit.
Clay beds comprising the lower Potomac confining bed are not a 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 1s relatively thin, ranging
from 15 to 30 ft 1n thickness; 1n other areas, such as In the northern region,
U attains a thickness of more than 200 ft.

Typical electric-resistivity log patterns of the lower Potomac confining bed
sediments are best Illustrated In geophysical logs of wells 51R5, plate 4;
53P4, plates 4 and 5; 54P3, plate 4; 52N16, plate 5; 57J3, plate 7; 58F3,
plate 8, 54G10, plates 6 and 8; 53D3, plate 10; 55C12, plates 10 and 11; and
58A2, plates 10, 11 and 14. Generally, these resistivity patterns are
"blocky" In profile. Indicating relatively sharp lithologlc contacts between
the thickly-bedded confining clays with the overlying and underlying aquifer
sands. Corresponding natural-gamma log 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 1n 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, I960) 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 deposltlonal 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-
tlgraphlc zone U sediments of the Potomac Formation. These sediments are
late Early Cretaceous (middle to late Alblan) In age and correlate with
Patapsco sediments of the Rarltan-Patapsco aquifer In Maryland and the lower
Cape Fear aquifer 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 1s overlain by the middle Potomac confining
bed. The middle Potomac aquifer attains a maximum known thickness of 929 ft
(well 66M1) in the northeastern part of the study area and thins to a
featheredge along Us western limit near the Fall Line. It 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
Interlenslng medium sands, silts, 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 silty clay and fine to medium,
gray to yellow sand. Glaser (1968) also reports that the clay lenses are
typically thick, Internally massive, and brightly mottled 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 Virginia 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 II strata 1s herein Identified 1n 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 plagloclase. 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 kaolinlte and highly expandable 111ite/smectite.

More wells drilled in the study area penetrate this aquifer (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 *n combination with the underlying or overlying Potomac aquifers. This
aquifer 1s capable of producing large quantities of high quality water 1n 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 Us use as a source of potable water. In addl-
tlon, 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 sedl-
merits ace. 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,
54J4, 55H1, and 58F3, plate 7; 54G10, 57E10, and 60C7, plate 8; 5303, plate 9;
and 53A3, 58B115, and 59C28, plate 12. Generally, these resistivity log pat-
terns are both "triangular" and "saw-toothed" In profile. The "triangular"
profiles Indicate the flnlng-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 lithologlc con-
tacts. Resistivity logs of the middle Potomac aquifer also characteristically
show high resistance values for the sandy sediments that helps distinguish

i t h i s 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-'ganma logs show pronounced
"saw-toothed" clay and sand patterns with sharp lower and gradatlonal upper
lithologlc 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. Drillers commonly refer to the middle
Potomac aquifer sediments as "medium or coarse gray sands" with "red, brown,
or multicolored clays." Drillers 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 balls. The Individual sand
and clay beds of the middle 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) 1s based on the tops
of the uppermost sand beds. This map should only be used as a guide to 1nd1-
cate the approximate altitude to the top of this aquifer between control wells
because of the Interlenslng 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; Hansen, 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 paleoenvlronment consisted
of a low gradient, subaerlal, 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 the^underlylng
lower Potomac aquifer sediments, appear to re presentee development of a con-
tinental delta. <§>̂

Middle Potomac Confining Bed

The middle Potomac confining bed 1s defined by the major clayey strata
directly above the middle Potomac aquifer. These clay beds are predominantly
restricted to upper palynostratlgraphlc zone II, but may also consist of
younger sediments (basal zone III), especially 1n 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 middle Potomac
aquifer 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 1s
overlain by the upper Potomac aquifer, except in the western part of the study
area where U Is transgressed by the Aquia aquifer. This confining bed
attains a 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 Us western limit near the Fall Line (plate 18). Its
thickness 1s highly variable, but the middle Potomac confining bed Is commonly
the thickest-bedded clay or Interbedded clay and sandy clay sequence of pollen
zone II sediments.

Definitive lithologlc 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 II sediments as
a clay-dominated sequence characterized by highly sheared and locally mottled
montmorlllonltlc red clay. This upper Interval of pollen zone II sediments in
the Oak Grove core (well 54P3) 1s 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 1n composition
to the clays of the lower Potomac confining bed 1n that they consist primarily
of mixed kaollnite and highly expandable 1ll1te/smect1te (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 1s
commonly characterized by a thick sequence of brightly-colored, variegated,
plastic clays. 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 1nterf1nger1ng 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 Illustrated in geophysical logs of wells S1R5, 54P3, 56N7,
plate 3; 52N16, 54R3, plate 4; 52K6, 54J4, 54H11, 55H1, plate 7; 5303, 5402,
55C8, plate 9; and 52A1, 53A3, 54A3, 55A1, 56B9, plate 12. Generally, these
resistivity patterns are "blocky" in profile. Indicating thickly bedded clays
1n relatively sharp lithologlc contact with the aquifer sands above and In
gradational lithologlc contact with the aquifer sands below. The Hthologies
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 1n well 55A1, plate 10. Corresponding natural-gamma log
patterns also commonly Indicate massively-bedded clajfs 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 paleoenvlronment 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). Reinhardt, Christopher, and Owens (1980, p. 47) note
that this clay-dominated upper pollen zone II Interval Is a product of over-
bank deposition that was modified by weathering and dlagenesls, and that these
backswamp and flood basin deposits are distinctly continental In origin.

Upper Potomac Aquifer

The upper Potomac aquifer, by definition, consists of sandy palynostra-
tlgraphlc zone III and zone IV sediments of the Potomac Formation. These sedi-
ments are early Late Cretaceous (Cenomanlan) In age and correlate with the
Raritan sediments of the Rarltan-Patapsco aquifer In Maryland and the upper
Cape Fear aquifer In North Carolina (plate 1). This aquifer Is restricted to
.the subsurface; It overlies most of the middle Potomac confining bed and 1s
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 area, and pinches
out along Us western subsurface limit throughout the west-central part of the
study area. The upper Potomac aquifer, like the other underlying Potomac
aquifers, 1s a muUizone 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 stratlgraphlc Indicator. Palyno-
stratlgraphlc analyses by Robblns, Perry, and Doyle (1975), Doyle and Robblns
(1977), and L. A. S1rk1n (Adelphi University, written commun., 1982, 1983)
have Indicated the presence of pollen zones III and IV as the top of the
Potomac Formation throughout the eastern half of the study area. These sedi-
ments are con-datable 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' logs, are
characteristically white, micaceous, very fine to medium quartz, and commonly
contain carbonaceous material. Gravel Is uncommon, and very coarse sand 1s
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rare, The'w^erbedded clays of this aquifer, as described from drillers1
logs, are characteristically dark, silty* highly micaceous, and commonly con-
tain carbonaceous material. Little data are available that describe the
Hthologic characteristics of the upper Potomac aquifer 1n 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 Norfolk at the
Moore's Bridge Water Treatment facility, and are represented by well 61C1 on
plate 2. Brown and Sllvey (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 qlays. Typical on-
site core descriptions (D. L. Brown, U.S. 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 sllty-clay Intervals are described as yellow green to dark
greenish gray, glauconltlc, 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 middle and lower
Potomac aquifers. Generally, most light Industrial and municipal ground-water
users throughout the central part of the study area use this aquifer. 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 sedl-
ments are best Illustrated 1n geophysical logs of wells 58J11, 58J5, plate 6;
57G25, 57F2, plate 7; 56F42, 57E10, 5809, 60C7, plate 8; 55D5, 55E3, plate 10;
58B115, 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 1n profile and are more easily correlated among logs. Also, the
characteristic massively-bedded sand sequences are commonly separated by
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 easily.
On drillers' logs, 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) 1s
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
control 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 represent the effects of the first
major, marine transgression that Inundated the study area. As the seas
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I progressively encroached onto the delta complex, deposition occurred 1n ever-
widening estuaries and intertidal basins. Brown and Sllvey (1977ptyOINA&

\^ postulate that, based on grain size, deposition of the lower Upper (Cretaceous
J sediments at well 61C1 (Moore's Bridge Water Treatment facility) took place In
• a littoral environment, possibly a tidal flat, with a semi protected shoreline.

Other studies of equivalent sediments In Maryland (Glaser, 1969; Hansen, 1969)
} note the absence of typical marine transgresslve strandllne 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.

I Upper Potomac Confining Bed

The upper Potomac confining bed 1s defined by the major clayey strata directly
I above the upper Potomac aquifer. These clay beds are predominantly restricted
* to upper palynostratlgraphlc zone IV, but also Include clay beds of paly-

nostratlgraphlc zone III In the west-central parts of the study area and undif-
] ferentlated clays of latest Cretaceous age In the eastern regions of the study
1 area. The upper Potomac confining bed correlates with part of confining bed 2

(that which overlies the Raritan aquifer strata of the Rarltan-Patapsco
l aquifer) in Maryland and the confining bed that overlies the upper Cape Fear
j aquifer in North Carolina (plate 1). This confining bed Is restricted to the

subsurface; U overlies the upper Potomac aquifer and Is overlain by the
Brlghtseat aquifer in the north-central and northeastern regions of the study

I a r e a , and by the Aqula aquifer throughout the remainder of Us extent (plate
20). It attains a maximum known thickness of 126 ft at well 66M1 In the
northeastern part of the study area and pinches out along Us western subsur-

* face limit in the west-central part of the study area. The thickness of this
X^ confining bed is variable, but generally U thickens and dips to the

northeast.

J As In the case for the underlying upper Potomac aquifer, detailed lithologlc
1 data 1s available to the authors only from core samples obtained at well 61C1

. located at the City of Norfolk during the "Artificial Recharge" project.
1 The core Information Indicates (Brown and Sllvey, 1977, p. 7) that the con-
I fining bed clays consist of highly expandable silty-clay to clayey-silt mixed-

layer IllUe and montmor1llon1te, and minor amounts of kaollnUe. Onsite core
| descriptions (D. L. Brown, U.S. Geological Survey, written commun.. 1971)
I describe this confining bed as a dark greenish-gray, micaceous, calcareous,

slightly glauconltlc and sandy, silty clay.

i 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,
i areally extensive layer, but rather, a series of Interlayered clayey deposits.
' These Individual clay layers are more extensive than the clayey deposits of

the underlying middle and lower Potomac confining beds and, therefore, are more
easily correlated between wells. Water-level data Indicate that Individual
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 electric resistivity log patterns of the upper Potomac confining bed
V, sediments are best Illustrated In geophysical logs et wells 58J11, 58J5, plate

6; 57G22, 57G25, plate 7; 57A1, plate 9; and 60B1, plate 13. Generally, these
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reslstlvlty^Togs 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
micaceous 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 deposltlonal environment was similar to that of the upper
Potomac aquifer, but was a lower-energy regime1 -In a broad, low-lying outer
delta.

Uppermost Cretaceous Sediments Undlfferentlated

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 glauconltlc clays, sandy clays, and
chalky marls. The sediments attain a maximum known thickness of 70 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. eroslonal perl.od, marine seas extensively
covered the downwarped Coastal Plain areas of Maryland and North Carolina,
depositing thick, extensive Upper Cretaceous marine sediments 1n the struc-
tural lows of the Salisbury and Albemarle embayments. Based on lithologlc and
paleontologlc evidence, U appears that most of the Virginia Coastal Plain was
elevated, in relation to sea level, throughout this time. Hansen (1978) pro-
poses basement faulting along the southern 11mb of the Salisbury embayment as
the mechanism responsible for the truncation or nondeposltlon 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 1n 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 stratlgraphlc 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 1s undoubtedly the predominant controlling Influence for the northern
limit of these Upper Cretaceous deposits In southeastern Virginia.

Pal eocene and Eocene Pamunkey Group

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

WELL TEST INFORMATION SHEET ^A

'CUSTOMER'________FORT DARLING_________ DATF STARTFn- 11/30/76

_______NATIONAL PARK SERVICE__________ DATE CQMPLFTEP- _11/30/76

LQCAT!QM> CHESTERFIELD CO.. VIRGINIA________ WELL TEST NO. :___!___

JOB Ht'MBFP* **3763-7

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

Total Depth____205 c»___S1ze__LL^. to__l§J*_l and_L-" to.
Caslng Depth 0-90 Ft.___Screens___22iI55___________

105.184
Construction: Domestic ( ) Class 11*8 (xx) li-A ( ) 1 (
Static Water Level_J*liL___Ft. Measured^______.0
Description of FormaHonc. yellow, grey, .green and white city —

__________gravel, send end rock mtxed________________'

TEST PUMP: Turbine ( ) Sumo (xx)J Piston ( ) Air ( ) Bailer (
electric

Pump Intake_20__Ft. Below Ground; Air i <•*• ttpe c» Below
Size Pump Discharge ____ Ft. Metering n»w<r» 5/8" w>t«r meter
Description of P»mp 1/3 H.P. with I" ptpe *nd driven with 220 generator

TEST DATA: Static Level Before Installing Pump 32'6" P*
electric

A1r i *n« tape PST Before Starting Pump; Time of Measurement
Time Test Pump n»»Pi-»rf 7:00 *.m. . time Test Pump Stopped

Total Hours Pumped_§ __ Final Capacity ——— 2_GPM 9 ———— 59<6 I/2"F

Static Level Ft. ,21̂ LFt. ,_! ____ Hr.22 —— M1n. 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 F & R 12/1/76
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86 .•
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.131
. '36
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14!
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176
184
205
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*

*

TYPE OF ROĈ Ji SOIL PENETRA1-6D " * '^ AGAVES
(grovel, cloy, eft; horofctil, color, etc.) ĵ (woter, coving, shot, icretn, IQrT,f

Top Soli '' . .
Yellow Clay
Grevel ' ...
Grevel, White end Gr*y CUy Mixed
Rock end Grevel Mixed
Yellow, Grey, White CUy end Grevet Mixed

* Some Grey Send end Gravel with Streeks of Cl
• Green end Gray CUy with Streeks of Gravel
Crown/ Green, White, Sendy CUy with Grevel
Coarse Grevel with White, Grey end Pink CUy
Red, Gray and Vhlte CUy with Gravel end Roc
White CUy end Grevel
Grey end White Cleyr- — •

. Rock end Grevel • _ _ ~. • ._ ——
Grey CUy ----- "
Rock . .
Red end Grey CUy with Rock Mixed.
Grey CUy with Some Red Cley *
Streeks of Rock end Gray CUy
Red end Gray Granite
Red Grenlte ' ' .

-.
• t - **

• * *

'
« *'

r *

* • -. • ' '• • '

* • •
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- ' ' ;'
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_. _^ _ ...... . '

^
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^

V P. 0. Box 111*3, 2111 North Hamilton Street
Richmond, Virginia 23230 ^
Phone (BOM 770-1*11 '£)

WATER WELL COMPLETION REPORT
/PERMIT NUMBER «-w (Certification of Completion) DATE-REC'D a
• BWCMWELL NO. «-'» (For use In all groundwater areas) TRUCK TAG NO. Wai075

LOCATION (Card 1)

COUNTY: * Chesterfield

WELL IS LOCATED APPROX. 9°° feet/*XX&
tast (direction) of 1*3? end
2500 feet/(KXWsNorth(direction) of
R t . b 5 & . . .

WELL IS NEWLY CONSTRUCTED V/J4 OR IS AN
ALTERATION, REHABILITATION, OR EXTENSION
OF AN EXISTING WELL ' " . NUMBER 'OF
CERTIFICATE OF GROUNWJtTER RIGHT OF EXIST-
ING WELL. IF APPLICABLE

34-37 ;

FOR OFFICE USE:

VA. PLANE COORDINATES: N E
». 34-43 44-»0

TOPOGRAPHIC MAP NUMBER:
»*-»»

BASIC DATA (Card 5)

DATE STARTED: 10/27/76 DATE COMPLETE

OWNER (Card 2) .

NAME: Richmond National Battlefield u
STREET: 3215 E. Broad Street 41
CITY: Richmond it
STATE: V«. ZIP: 23223

DRILLER (Card 3)

NAME; Earl Seay, Jr. n
STREET: 2111 Magnolia St. *
CITY: RTcfimond J
STATE: Va. ZIP: 23223

CONTRACTOR (Card M
SIGNATURE:
NAME (type): Sydnor Hydrodynmics, Inc. • r
STREET: P.O. Box 27186 «
CITY: Richmond • • s
STATE: Va. ZIP: 232bl

J3W' """Ifc-Jt """ f

*• • .

D: 11/19/76 DEPTH DRILLED: 205 .
ti-U 17-23 33-34

DEPTH OF COMPLETED WELL: 205 STATIC WATER LEVEL: 32*6" feet below land surface.

YIELD TEST submersible thod; Drawdown 271
34-is pump **-3«

WAS THE WELL LOGGED? Yes/Wfc; If Yes. BY WHO
45

WAS THE WATER, ANALYZED? )t£4 /No; If Yes, BY.

WELL TO SUPPLY: ttKRKXmRrfMttNUJttXftXXXftKMtt)
(circle which) " 73 M 7»

WERE WELL DRILLINGS SAVED? Yes A* (Well cut
vals and shipped express collect to this of
ere furnished free of charge upon request).

PUMP DATA (Card 6)

BRAND NAME: n-3o
TYPE: *«*
MODEL NUMBER: **"
RATED CAPACITY: gpm at

J4"t feet of head.
DEPTH OF INTAKE: «-n
RATED HORSEPOWER: n-74

5vii
feet; Yield 3 gpm; Duration 8 hours.

H? Sydnor-USGS . TYPE .OF LOG(S):ft/M?.na
44-M T* il

WHOM? . TYPE OF RIG: Rotary
46-ii "44 -'i '

CXXX»»*mxXlX**XmXteX /O t he r Park
74 77 \ ——— »r

tings should be collected at 10-foot Inter-
flee In e shipping container. Sample bags

CONSTRUCTION DATA (Card 7)

HOLE 512^:12 Inches from 0 tol8Ufeetu
' . b Inches from IBM f to 205 feet,"
.... Inches from to feet.

CASE SIZE: 6 Inches from+6Mto90 fect^.

Inches from to feeiA

GROUTING? Yes/ttt>; from surface to
" 55 feet.

TTTT

100;3Tr8



DATA (Card o

DOE'S THE WELL HAVE SCREENS? Yes/H»; OR
V v // DOES THE WELL HAVE SLOTTED OR PERFORATED PJPE? Yes/No -' 'o/(\ v^-^ /V: • * w fr/.-ji

LOCATION OF SCREENS: Give the diameter and depth of all screens or sections of si
or perforated pipe,

6 Inches 'from 90 to 105 feet __ Inches from __ to feet
U-U li-i* TTIT 41-44 44-41

Inches from to feet Inches from to feet

. Inchei from ___ to __ feet ___ Inches from ___ to feet
33 -A* Ji-i* '39-41. JA-44 U-ii
QUALITY DATA (Card 9) •

DID ANY STRATUM CONTAIN WATER WHICH WAS UNUSUABLE7 XKX/No; TYPE OF WATER ______
» — fTfi ——

DEPTH OF STRATUM: from 90 to lOSfeet; from ___ to ___ feet. WATER TEMPERATURE:
ii-i* If-M 'Ai-34 3i-3« :

If a permit was not Issued for this well and e USGS topographic map ts not aval lab
a written description and sketch map of well location will suffice.

DRILLER'S LOG

DEPTH '(f«et)

From To

A

•

TYPE OF ROCK OR SOIL PENETRATED
(gravel, clay, etc.; hardness, : '
color, etc.)

•

•

REMARKS
(watei;, 'caving,' s
screen, samples,

\
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ys ....
7:10
7:15
7:20

7:25
7:30

7:35
7:40

7:45
7:50

7:55
8:00
8:10

8:20

8:30

8:40

i 8:50

9:00

9:15

9:30

; 9:45
i 10:00

j 10:30

' 11:00
12:00 noc

1:00

2:00

/"
ORIFICE
READING
INCHES

,

'

•

FILL COW.
MtN. SEC.

5
10

15
20

25

30

35
40

45
50

55
60

70
80

90

100

110

120

135

150

165
180

210

240

300

360

420

AIR
LINE

TAPE
READING
FEET

.

•

•

•

1
PUMPDISCHARGE
CPM

3
n

-
••
-
n

n

n

u

ii

. n

n

n

n

ti
• u

it

n

n

u

u

u

ii

M

H

n

n

. 9V MU A 1 hĵ *
JF'̂  V^r mu

)M.EVEL
FEET

40'1"
441511

48M/2-

50'9'»

52-4 I/

53'9(l,
54'8"

55'3 I/
55'8"

56M"

56'4 I/

56'7 I/
56MI"

57'3 I/

57 '7 1>

57 '9 3>
57'I1 1

58 '2 I/

58'5 I>

5817"

58 '8 3>
58MO

59'
591)11

59'2 K

59 ' 4"

59'5 3>

REMARKS - (•• •-.
taking mlr, *te.)

Clear

n

n

n

II U

n

n

n n

n

u

u. n

n n
_______ r

M

tt it
v

4" M
[M M

2'i n

u n

u n
\
u

^u M

/2» '•

II

II

II II

II

411 II

AT»WW H/30/76 "°* E.S. t K.B. " ° "* !
ATIl. ———— - —————————— —— _ BATA •¥. BATA tUfff M0.u, _.., , ...,
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/V&OVERY
f ;

3:05
3:10

3:15
3:20
3:25
3:30

3:35
3:40

3:45
3:50

3:55
4:00

4:10
4:20
4:30

ORIFICE
READING
INCHES

TEST

*

*

•

TlMr-J
PILL \0T.
MIH. SEC.

AIR
LINE
PSI

———— =ff=̂ =5

TAPE
READING
FEET

.

50 MO11

46 'I 1/2"

43'

40 '6"

38" 10"

37 '6"
36.5.1

35 '9 1/2"

35'3 1/4"

34MO 3/4

34'8 1/4"

34<5 1/4"
341 ) j/4ii

33MO 3/4
3319.1

•

^̂ "̂ ^̂ -̂ «̂ A fra

FUMP . j
DISCHARGE

CPM

•

•

T — =
•S FUMPIHG
J LEVEL

FEBT

•

s

— ,.-
REMARKS - (•- ,
**l*t cU«r, Cl«w
t»klni ilr, ale.)

r
•,

».

\

DATI. " ' 3 0 / 7 6 E . S . t K.8-
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PROJECT NAMEi S *7/ EPA SITE NO*
TDD NO: FJ!~ 2>5o Z-£Y REGION:

'v j QUALITY ASSURANCE REVIEW OF
INORGANIC ANALYTICAL DATA PACKAGE

Case No.t faff _______________ Applicable Sample No's.:
Contract No.: _^_ __________ ' jpg*. jT/ *rA MJ.*c/. .
Contract Laboratory; /&** Ĥ t̂ ;** &*«,£ MfA aa'i.rtf&yaQ; AV/ xto.veA 396. tr-
Applicable IFB No.t
Reviewers
Review Date: ________________ • A*tAa*9.A>tA9V3.»*,A

The Inorganic analytical data for this case has been reviewed. The quality assurance evaluation Is
summarized in the following table:

Reviewer's Evaluation*

'i
1 Acceptable
Acceptable withexception(s
jesti enable

•pnacceptabie

Fraction
"TASK!
CPor AA
METALS

G>

TASK II
FURNACE AA
METALS

TASKIU
COLD VAPOR AA
MERCURY

TASK III
CYANIDE

* Definitions 01 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 ANALYSE RESULTS • CONTINUING CALIBRATION VERIFICATION
• MATRIX SPIKE RESULTS <2> 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.
9 Spot Check performed. •
oOmments:



r* . DATA EVALUATION SCORE CATEGORIES

ACCEPTABLE! Data ia within established control limits, or
the- data which is outside established control

*. limits does not effect the validity of the
analytical results* -

ACCEPTABLE WITH EXCEPTIONS )i Data is not completely within *
established control limits. The deficiences are .
identified and specific data is still valid*
given certain qualifications which are listed below.

QUESTIONABES i Data is not within established control limits.
The deficiences bring the validity of the entire
data set into question. However, the data validity
is neither proved nor disproved by the available
information*

UNACCEPTABLE: Data is not within established control limits.
The deficiences imply the results are not meaningful.
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DATA
COMPLETENESS CONC./

MATRIX

FIELD QC

TASK 1 ;
ICAPORAA:
METALS

TASK II :
FURNACE
AA:
METALS

TASK II I
COLD VAPORAA:
MERCURY

TASK 111:
CYANIDE

OTHER
(SPECIFY):

OTHER
(SPECIFY)!

TRAFFIC
REPORT *
LAB l.O. «

BLANK
DUPLICATE
SPIKE

RAW DATA

TAB. RESULTS
TAB. D.L.'»
QA FORM
(CAR INTER. QC
INSTR.SENS.
RAW DATA
TAB. RESULTS
TAB.D.L/*
QA FORM

INSTR.SENS.
RAW DATA

TAB. RESULTS
TAB. O.L.'t
OA FORM
INSTR. SENS.
RAW DATA

TAB. RESULTS

TAB.OX.'t

QA FORM.
INSTR. SENS.

RAW DATA

TAB. RESULTS
TAB. O.L.'t

QA FORM

INSTR. SENS.

RAW DATA

TAB.RUSULTS
TAB. O.L.'t

OA FORM

INSTR. SENS.

y#o
UL

*/
\s
/
/
/
/

s
s
V
^

r
r
y/
s
Y
S
s

Lfa
wntfi

'
•:

/

'

/

\s
r
/
\s

s
\s
X
X

X
/
/
/

'
tyq
74vw

V
X
/
/
^
/

iX
\s
I/
V

/•
l,'
|X
X

t,
t,'
*/
t/

^
'3?̂
^
X

/
/
/
•
^

I/
/
^
I/

s
X
X
IX

X
/
/
/

L//)<9

S£
tj'fB
&9^

/

Ijr

*

s
f
X

x
t/
/
S

,/
X

•̂

t/

y
I/
I/

M«
p̂  tflj? 3*y
^

/̂
/̂
x
X

x̂
LX
^
/

^
//
/

X

/

If
/
y

-̂!?

7$P̂
y/

•̂
X
y
x
X

x
^
V
x

tX

*/
X
/

^
x
/
,/

-

^
35ft
/̂

x/
/
/
tS

r̂

tX
/
•

X
x
/'
X

^
,/
^
./

%
^
df

X
*/
^

v/
x
^

A'
x
J-'

Jx

^
x̂

X

!/

/
/
/

%
JĴ
fO

S
s

f

•
"

jX
X
/x
*•*

•̂
X
^
X

^
/
•J
1

ŷ
?V9
^

/

/

»/

^

X

x
*-•
*x
^

x'
x
X
^

/
/
/
j .

*&t
"$
y*w

^
•
*.-'
X
'X

f—
x̂

1

X

>̂
X
X
X

x̂
/
/
/

&/
^
^

/
V

.'
/
/

*-*
f

/-
*x

,x
X
/"
x

./
/
/̂
^

O

l«"4

/y

^
^

*f

tf

X

'
/-
*-
--

*x
^
/'
X

, /
f'

s
/

{/*/
7?f
*#:

\

*t '•
..• \

fs
/

c
/
•'-
,-'

/•'
r
*x
x

i-

- -
./
r'

COMMENTS:



DATA
COMPLETENESS

FIELD fiC

TASK 1 ;
ICAPORAA:
METALS

TASK II :
r UKnJUfb
AA:
METALS

TASK II :
COLD VAPORAA:
MERCURY

TASK m:
CYANIDE

OTHER
(SPECIFY):

OTHER
(SPECIFY);

CONC./
MATRIX

TRAFFIC
REPORT »
LAB tO. «

BLANK

DUPLICATE
SPIKE

RAW DATA
TAB. RESULTS

TAB. O.L.'t
QA FORM
ICAPINTER.QC
INSTR. SENS.

RAW DATA
TAB. RESULTS
TAB.D.U't
QAFORM

INSTR. SENS.
RAW DATA
TAB. RESULTS
TAB. D.L.'«
OAFORM
INSTR. SENS.
RAW DATA
TAB. RESULTS

TAB.O.L.»
QA FORM.

INSTR, SENS.

RAW DATA

TAB. RESULTS
TAB. O.L.'»
QA FORM
INSTR. SENS.

RAW DATA

TAB. RUSULTS
TAfi. O.L.'t

QA FORM

INSTR. SENS.

&/
MfrA
*3?

^

t/

S
\s
*••

^

^
S

*•

«'.

*•

\s'

9 ,

9

fa
MLi,&*>zw
*x
AX
y
t'

/

»x
^
s
v'

»'

t

i

•

fa
H«4iv*vy&

^
S
r
r
is

iX
•
t/
x

v'

I/

f

r

*

fa
MC.&
«i?3J
V'Jg/f

/

/̂
LX

*s
•s
IS

iX

^
I/
V

Is*

X

.

%•/
#*t&
?̂?
V7p
fie

X

t
X
!X-
t-'

S

\s
IS

t/
i/

s
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I

fa
<MC<*w
*rv%
ft
/

x
s
•X
X
ĵ

x̂
*•-•
iX

X''

*•
fcX

X

X

'

vw
WC^
^v/
v»sp̂

«x

X
*x
X
AX

t-̂

tx

*-•

X

*s

iX
i
4y

-

*

.

.

•:;v.

•

.

«

COMMENTS:,



BLANK ANALYSIS RESULTS
TASK TYPE CONC MATRIX SAMPLE SOURCE OF HjO CONTAMINANTS (CONCENTRATION/DETECTION LIMt

Wo

I
I
L,
I

LABORATORY REPORTED FIELD BLANK DATA IS COMPARED WITH THE SAMPLE DATA IN A TABULATION FORM WITH!
SAMPLE ANALYTICAL DATA SUMMARY.
COMMENTS'

(I) RESULT REPORTED BY LABORATORY AND CONFIRMED BY REVIEWER.____________________________
(2) RESULT INFERRED FROM RAW DATA
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—̂'ftie applicable duplicate pairs are:

Duplicate Analysis Results

. V*

sample no.
Field duplicate
Lab duplicate
sample level
sample matrix
T1KK -

**&-**

S
L

4Q
rr.ir.

»u -*#

/
u
4d
nr

S

S
L

*ef •
xzr«

-
.

•

The relative percent difference (RPO) for each parameter group was evaluated. The
duplicate analysis RPO acceptance criteria should be:

maximum acceptable
JSlftnfit Percent Difference

The RPD's exceeding the maximum acceptable percent difference were:

Wflrtf** Compound • Aetual RPD &&**• Sample

A 0 - ^MC^ C**c* ZG 37 *&-** #r/ -2 //
J0 / , ^/^ vJl/ : ' •*- C / % i:5 A, ,/.3 c -

£ol S~oJ* ' * ft& '-***- '«tl*Zl
I t * "

1 * *

; . „ , __ _

Comparison
cone.
/̂ j
/J*
n££
/f
8? no
/9
**/*

cone.
3/9- ^
/of #
'•71

£

r--;o
/A'
y»yrn *

-

•
100328
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* .
Duplicate Analysis Results

applicable duplicate pairs are:

\

sample no.
Field duplicate
Lab duplicate
sample level
sample matrix
17KIC

AU£ *//
j
«iA*rt
s
u
ft$
•?,&

rid fiat
i
«tt>*3
s

L
»<£?
3", Tlfjf

"$*
^

V
&

:z/-zi

"*3?
~"

L.
>/
./̂

1 The relative percent difference (RPD) for each parameter group was evaluated. The
duplicate analysis RPO acceptance criteria should be:

1 . maximum acceptablei MRT^I^ Percent Difference

SCL- ±Vo7»
The RPD's exceeding the maximum acceptable percent difference were:

•
MArtit Compound Actual RPD
ju f} ' *T*̂  \ m ? / V
AQ ?«<L. w ftf
J** i jJ *f fJ+* tfj C/l̂ u ^̂  ̂ ^ fJ^f J

Ac r,~j 10 £ sc*°
AS> ifofJ IK fu
f 1 1 /t J, . /t/ff ^^3

/ AsJ A.s*A-r 770 »'V.

D̂ / b̂/r Vc/*> / fc2_ ?̂ 7/ff
r / -^ W /^

> .. ——

Comparison

/S8
#9
K9
jyv*
w£
?y^
/o.̂
79
â?̂ ?
ffO

•*
*
-t
*•
,.»,'*•

*
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\

MATRIX SPIKE RECOVERIES

Sample No.
Field Spike
Lab Spike ——
Matrix
Cone. Level
Method 5td.
TttK

ptA-ZV*/

S
AO
A

?.&

**6-Art,

y
ftQ
u

T$*

j*CA*l8

S
frt
i

r.n:

tut 6 -fit
i/
30(

£

Tjr
m AU matrix spike recoveries were within the established control ranges specified In;
1 EFB WAS -A • Exhibit E, Table 2. __ Yes

Except! on(s):

Parameter

-. Pb

A A

O(

SA

A/r

X*

Comments

Accepted
Ranee (%)

Actual
% Rec.

39

''I

Sample
Number

Org.
Res lit

/.r

ffj

Spike'
Added

/tfoo

SO

to

Spike
Resdt
ff3#

Units

;'./

y
.

«„•

* •

,

M <vA <Wx*;.r £r **<• *» uJ*r *.Jt;*
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MATRIX SPKE RECOYER.'ES
1

o

I
\

-

Sample No.
Field Spike
Lab Spike
i&iffii ——
Cone. Level
Method Std.
tiWfT

jrrA-,*9y

^̂
4&
/̂

T"E

Mtt. ~JV£

IS
/}&
£

:Tf

#st -six

t̂
_sr*/
-̂

/̂2T

^̂ ^ -̂ «

*"
Jo/
^

_25f

AU matrix spike recoveries were within the established control ranges specified in; . y
FB WAS -A , Exhibit E, table Z Yes *̂ No

Comments:

Except! oa(s):

Parameter

' /0?
%̂̂
U
Ĵ

.

Accepted
Ranee (%)
*>$-/*£
-><--/-?r
•5T- /? <"
^̂ -/̂ ^

•

•

Actual
%Rec.
0
V>6
}t*7
/?̂ r

Sample
Number

toC&'te*

AK£ -A ?3
*trA,'£t34
A.(A.ffT*

Crg.
Result
/OCA
W
ftj<£
/9y

Spike-
Added
•TO
Ĝ> >o

t̂f̂

Jfo

•

Spike
Result

•̂ r̂
*>!*
3 '-3

•

Units

iXr-J/

1-,/j

U'//
\
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I ...........
f STANDARD ADDITION RESULTS

)<pffi[entation indicates a standard addition correction was performed"
ili.ll spiked samples for parameters having recoveries outside of
mtrol limits t Yes_ __ No, ___

al the parameters having poor recoveries in the spiked sample (s),
tandard additions were also performed on all other samples where
i] following conditions were mets

(1) The sample matrix was similar to the matrix of the sample
I which was spiked i and

(2) The parameters in question were detected with postive results.
No Ajfer

tay
'he parameters with poor spike recoveries are listed below, along
>j] Ox the type of standard addition performed (none » 1. 2, or 3 point).
Mu results for these parameters in other samples which have a similar
matrix are also listed below*

vSmpleji.
*
•

.

description of jnatrix

\— ̂
•

parameter
*

i'A'ŝ AJft
-N

recovery
.

.

h.
N,
\

type of std. add.

•

•

•

\. '
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I Initial Calibration Verification and Continuing Calibration Verification

Documentation indicates calibrations were performed and checked every ten samples: Yes tSM
Exceptions:i
Calibrations and verifications were all within the control limits specified in

{ • J Y e s / / . N
Outliers are listed belov

• Parameter

i -

i

I
.

w-
\̂ J

V!

Acceptable
Range (%)

•

Calibration
Identifier

%of
True Value

\~

Comments

•

',
'

• .
>

1 - - •
Interference QC Results •
Documentation indicates interference QC samples were run before and after every ten samplesiYes _ N

B Exceptions: Ipw AT r̂Aî t A*A f./JiSM c*F 3«if̂  AC PtaiuCtV %W Cflk)T*A<rr
.i

Interference QC results were all with
1 * & > *. . . . .

Exceptions:

• Parameter

i
i:
V^
1- ———

Acceptable
Range (*)

in the control
* cite TET *

Calibration
Identifier

limits speci

i1*'

%of
True Value

fierfin
3JT - *iC" % Yes S No

Comments

100333



I

I
I
I
I
I

I

I

QUANTITATIVE CALCULATIONS
CALCULATION ERRORS AND CORRECTED RESULTS ARE LISTED BeLOW3ftjG/toi

I

yV ••

..

I
I 100334



.
Detection Limits Results

Detection limits were reported for all samples analyzed: Yes iX No

Exceptions:_______;______________;__

Detection limits were less than or equal to the required detection limits
specified 1n <*»j *?3^_____________. Yes ^ No_

Exceptions:
.

V

,

Instrument Sensitivity Reports

Instrument sensitivity reports were documented for all parameters:
Yes No

Comments:

Other Remarks Concerning this Case;
. "*""""~~"'

There are currently no established control ranges for ICP Interference check
Standards. However, although not a contractual requirement, 85X * 115% Is t'
'here as a tentative guideline for evaluation. Outliers of this tentative
control ranoe. If any, are tabulated on the bottom of the preceedlnq page.

______100335
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U.S., EPA, Cootrtct Laboratory Pres«»

form I

.«?*. fUnafcotat Office .....
..0. Box BIB * Alexandria. VA 22313 *,
703/537-2490 ms S-S37-2490 ORIGINAL

R<tf!
INORGANIC ANALYSIS DATA SHEET

LAB BAME CHEMTECH COKSULTTKC CROUP
sou HO.

EfA Sasple Mo.

LAB SAMPLE ID. HO. X^-VT^Qg V MPOtt «>.

Ele«€nc» Identified and Manured
Concentration* Low / Medium
Matrix* V*t. r J Soil_____ «l«^«—————. Oth«

*

r •*/*! 'T vci|ht (CtteU On«)
I. Alû au. fJ3 K________ «• «'P"tua————Ŝ -£

1 t. AHtt^nT 5&cge____ i*. *"!'""•——£L̂
: 1. ATMnie //) 29: w«> 13.
K.
$. Brrlliu*
t. c«aiu. 5-u>/? _______ -li.

yyy^a f;____ i». «tiw
1 '• Chromlu*
; t.

10. Copp.r -"" '*• «• TlB
II. Iron _____ p?OJO g<P* «•

24.
f«rc«nt

rctutca «t« •aeourt|td. toftamot « ««cu «t.i- -«» — «xpllcU
ceacilacd co Co««r f«J«. fcowtvtr.



.U.S..EPA Contract Laboratory Proira. & ™ «•**• Mo
' tmple tUnattmant Office /fc& <W
.̂0. Box BIB - Alexandria. ** 22313 •. l————————

j 703/337-2490 PTSt B-337-2490 Om fo „

INORGANIC ANALYSIS DATA SHEET
I * CASE no.
1 LAB BAME CHPfTECH CftMgM-TTNC CROUP wwfc •"" ——

sow no.
LAB SAMPLE ID. MO. ga-V7y-&g.OC QC KEPOIT MO. V7g

Identified and Measured

Concantratlons
Katrlxs

2.

_______ L
s.

(Circle
Mama

14.

i. Cadmium **> ̂ " '»•• l£i22i«
7.
B.
t.
10. Copper

u.
10 U

••l .».«.r ufootaot,,, r.r c.pottUf ctwlM c« "JjitKMl ft •» CMCM
o« 0>«f *«•• "retultB are encoura|td.

Cover

F-
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Pom I

'U.S.' EPA Contract Laboratory Prof ram
5ample fUnaxaoant Office
J.O. Box BIB * Alexandria. VA 22313 -. V'S
703/337-2490 FTSt 8-557-2490

INORCAJUC ANALYSIS DATA SHEET
•LAB IAME CHEKTECH CONSULTING CROUP CASE MO.

sow HO. 7ffv______

EPA Sample Mo.

LAB SAMPU ID. 80. - •>•

tlwatt Idtnclftcd and M««iurtd
Cone«ntf«tloni low / Mtdlu
H«ert» tf.ctr

I. Alu«inu. W. "«*"»"

rootoot,,, ror r.pottlo, r.,ult, to EFA. .t«d«« mult
u 4.C1M4 «« Co»« Pu«. """««l "•«• «u defined on Cover Page. Additional flage
retultB are encouraged. Definition of euch
and contained on Cover Page« however.

Commences



unions:.

~»<«•"•" asT* .jSfSrStf'""
WK^e •»«• —̂

—rn ""smmi-a!yt
„ -'TV -—— «e«»«' "•m/. —

j SAMPLE ID. MO. gft-V7fr~

1 Elemtnta Idantified and Maatured

acentratiomt w / Medium Other

j fix: Vater _____ o •
B <nr weT̂ gXClcclm One)

ii. Mainatlum
14. Manianaae
IS. Hateu
16. Mlcktl
17. totaaalum
IS. Balanlum

20. Sodium
21. Thalliu

23. Vanadlu
I*, tine
tercent follde

0. SO U

Footnoteit
-100342



foni_t
EfA Saapla No.I u.s.'m Coairtct laboratory Froira..K̂ KrriXS.. n 223,1 , 0«

703/337-2490 fTS. «-337-2*90 ^

WOKUflG AMALXSIS DATA SHEET
___ ___ CASE W.

LAB lAME CHEKTECH

SOW HO. ———t^——————- QCREPOHMO.
LAB SJHFU ID. «». ' ~ '"" '" *

Cene«atraCloa<
K«crlx: V«tar

Id^ntifiad aM Maaaurad

U. Katnaelm
14.

10. Copp«r
/̂ /o-y ?,II. Xroa

II. Utd

at* ui«
« ftaoMi •xplalataf

-uch MC " '"luu
rtwlM Mfoot not,, i For

eoacala«4 100343



form E
....... IEPA Sample Ho,. «,B. *P*> Contract Laboratory Program i -*

i ycple Management Office
ft̂ o! Box BIB - Alexandria. VA 22313 •..

/337-2490 PTSi S-337-2490 <** Date

| INORGANIC ANALYSIS DATA SHEET
I • CASE MO.
LAB BAME CHEMTECH C™̂ TTWC GROUP *"**

j SOU HO.
LAB SAMPLt 10. MO. fia-V7f ~/5 ** UP°at "°"

IdentlfiedandMeafured.
. . uit. MediumConcentrations w» —j£———. Other

BV/L or ̂*/** "v w«x.cnEv«.v&««*JB vtte|

j 1. Alumittum 3̂f ?>
2. Antimcni
>̂ Araenlc____
4. Barium VT?5l ?̂

Is. —————**^
•. Cadmium_____6° ?&*
1. Calcium___
B. Chromium____p.3- r.K
f. Cobalt______[3 OR

Ii. Ircn______/C063 ?.

14. Manieneae

F.rc.at folM.
«•& .».M,.r raiult tualifiera are uaai

rootnotees tot reporting wsmlet to ̂ -̂ "Seiage ot footnotae tzplalnlng'
eoatatati «a

* >mm4ntas 'f '̂  7/ />/



f *>g* E^

1 tf.S.'EPA Contract laboratory Program
-Ample Management Office
JO. Box BIB - Alexandria. VA 22313 •.

EPA Sample Mo.

I 703/337-2490 PTSi B-SS7-2490 (Hed] ^ s r\ Date p- >^
. INORGANIC ANALYSIS DATA SHEET
i •
I LAB B£tE CHPfTECH CONSULTING CttOUP CASE MO.

• SOW HO. 78V ________
I LAB SAKPU ID. MO. 6Q-V7ff-~/fe QC «PO« MO.

Ileatnca Identified and Meaaured
Concentrations Low _^——— Medium _
Matrix. Water Soil ̂ L——— "<*<«« —————. Cthtr

or 6/kT«ry »aijhg>(CtrcU Ona)
, »• AIÛ .U, fe^ g " W. S-E1SU2
I 1. A,̂,. ̂ (?fe F̂ K 14.

IS.

I*"i •. ___
, 7. Calctu« Jpm T? If. li»2«
I B. Chromium
9. Cobalt 21. thalllu* ———— fi,/

59 T.R • ——— . 22. *

. L4.d **'

„. _____ __„ ______ _ uaaifootnoteas Pot teportiof teaulta to

»•«• — ^ "'llctt
•ad coac«la«4 oa C«»at f««a. Havavar. 100345

CooMaeat *f' ftt T/



Ton I

ORIGINAL
(Ktdj

U.S. «A Contract Laboratory Program
'f mpla Management Office
WO. Box BIB - Alexandria. VA 22313 ;
703/337-2490 PTSs B-337-2490 '""" ̂

INORGANIC ANALYSIS DATA SHEET

LAB ftfite CHEHTECH fflM̂ tryTTMC CROUP

EPA Sample Mo.

SOW MO. 7SV ________ .
NO.LAS SAMPLE ID. NO.

Idtnttttad and M««turtd

Coaeaacradoat to" /
Maerlxt U*ttr

«g/l or
I. Alû bu. //3?5-?? "

A r n l tf F.ft ' »»• ******

.3 vP.R »'• gotatalua

7. Calctu
f. 0»ro«lu« e?0 ?/? 20.
f. Cobalt g Ĉ -- 21. Thalttu*
10. Copper_____/ft? ?./? _____ «• IiS
11. irom____^y?95 7? ______ **•
it. u.4 677g/ ̂ ^ 24.
Cyaal4« _____0. & U________ farcaat Solldi U2

1
and contained om Covet Page, hovevet, iuuo*o

Commantai

Ub Kanagev



V .B.' EPA Contract Laboratory Program

form_E
[EPA Sample Mo.

,
703/337-2490 PTSs B-337-2490 * Date

1MOKCAMIC ANALYSIS DATA SHEET
_ CASE MO. 5̂*6 S"

LAB lAME CHEMTECH C™?«T-T™C CKQUP - —————

LAB

____._M««gtf*««l and Maaaured
. ~ 7Concentrations ——.——— ^ _- -. / «t.M» other

Matrix: Vater

,g/L or ̂•Jtywel̂ XCirclm
1. At^t^ 1992 ?* "' "• SU221SS /««J-^
2. ————r >̂J? *̂ l4' SiSlSSill

I , Ara^ie fe^ ** " "• SllSia
Si Barium *» ** —— l$-
S.

. j ?/? 20.S. Chro«lu« *"•
*.
10. Copper

•M̂ BlÂ M̂

II. iro. /̂ /̂̂  "• 122̂ 2
24.

Cy.aU. Afr! ________ "rc.at ̂l"« H
. ••* .r.n̂ <rJ raiult atiatlftara ara uaa4

footaocaat for tapordai rawlM to "Jj •""g'J JJJ ̂Vr* footaotaa axplatatnc' . «« .- «PU«U
tad ceatalaal oa Cata« »«««. howavat. 100347

CoiMatat AT. <i/ui-rftf''/fl«'fc-. ft
flftusg SAXft



form

I U.S. EPA Contract Laboratory Program JWA Sample Mo.
1 impie Management Office

;5. Bo* BIB - Alexandria, VA 22313.
703/337-2490 TO I I-337-Z490 ORiG1NAl Data

LAS tlUt CHEKTECH COKSULTTKC CROUP

SOW HO. 78V

INORGANIC ANALYSIS DATA SHEET
CASE NO.

' LAB SAMPLE ID. MO. fia-V7r~/f <* *«0tT ""

1 tlementa Identified and Maaiured
j Concentrations Low /———— Medium
1 Matrix: Water _____ Soli _/——— ««<!«

«alghg>(Circl« Ooa)

24. tine
Percent Solida

an4 contained om Cover Page, however. 100348

Ut Maaagev



I . ' format
EPA Sample Mo.

I IKS. EPA Contract Laboratory Program
V X** Manaiement Office.W: BOK BlI - Ale«ndria; JJ
J703/337-2490 PTSf B-337-2490

IMOICAM1C ANALYSIS DATA SHEET
CASE MO.

LAB tJNB CTEKTECH

oc UPOIT MO.^̂LAB SAKPU ID. MO.

j Concancratlott! «-o" —J.——— Othtt
I . ., . _ «««t 7 Sludga ___——.Matrix: Vacar

totaaalui

Pareaat Soltda
i Cjaalda
footaoeaat for taportlag caiuUa ea "*• "•"{ f|l|t .» footaotaa axplatatnf

u 4afUa4 oa Cotaf /•««• ""S*̂ f̂ auch flag. «.t ka •••licit
ratulc* ar« «cou"««**..5!"J:«:!.r.•ad coQt«tn«d •• Co»ar faga. howatar.

atat



I jg.B. .EP* Contract Laboratory Program
'ample Management Office

L !5! Box BIB - Alexandria. U 22313 •.
S&3/337-2490 fTSt B-337-2490

EPA Sample Mo.

AfCfc

LAB BAME CHEKTECH CQV̂ TTWC CROUP

SOW MO.
LA. SfliPLI ID.

INORCAJIXC ANALYSIS DATA SHEET
CASE MO.""** ""

Elamtnta Identified and Manured
Medium _Concentrations ____

«„« f / Sludca __ OtherMatrix: Water _____ *«il -JL——- •*«««• —————
•

dry veigh£>CCircl* One)
Mafnaalum

*« *̂*c*u»
• - Chrĉ u.

. -2«HS
if. l-L

t. Cobalt IQ* ________ «• SiillSSS
10. Co,,., t*u*K • «• 112
U. trc.11. y ^ * - »••
>.««c... r« ..,«».< «««•» «*• ""S7,"-.;-sv.;v,v«;r.tSlUn4iun̂ .r,v.?:-̂ ««..«•& «•••«««• •*—

and contained om Cover Page, however. 100350
•

Commentat



form
EPA Sample Mo........} U.S. «* Contract Laboratory Program

' laple Management Office5̂! BO. BIB - *««£'
I 703/337-2490 PTS: B-337-

IMOftGANIC ANALYSIS DATA SHEET
- CASE MO.

LAB BAKE CHEMTECH Ĉ g'TfTTMC GROUP

SOU MO.

>

«POtt MO.
LAB SAMPLE' ». MO. **

««Concentrations •*» _j ——— - - h
Oth*rMatrix: Water

dry weigh£)(CircU One)
1). Manealum filSlfl f.
14. Hanganeae """*" **'
IS. Mercury 0.3OR
1*. Mickel______J/ if /?

10. Copper _____// MR.
11. Iron

17. gotaaaium

u. u.4__wr-* **• 2̂
c..Bid. g.37t>_______ farcaat Solid.

••ft .r.n̂ ftrd reiult tualifiera are uaalrootnoteas for reporting reaultB to EPA. •""**« fiotnotea explainingaffira.* -..fr.,'..v-«.vl./v»«i«..,. -. ̂«.«««
•ad eoatalaal o« Cotaf faga. hawavaf. -100354



for* I
. ... ICPA S«apla No.U.S.*PA Coatracc laboratory frograa i

lopla KanagtMat OfCica ,,.,« .
r.S! io« us - umafru. ~ M1I> • Wf N^
70J/5S7-2490 FTSJ S-557-2490 te,

INORGANIC ANALYSIS OAIA SHEET
. CASE NO. fd̂ -S"

' LAS tMt CTPffECH cnMcĵ TTKC CRQUT

SOW NO. ————21*——————— y .rPOtt NO. V7f
LA1 SXKttE ». «». " - —— -^ V ̂  -^-

Eltanota Identified and Maaiured
t^u v n*«*'*» _^^Concentrations "»„L————. . ./ - .. Sludte ___ otner

Matrixs Water / ._ Soil—————— ««"«' ——————
•
mg/kg dry weight (CircU One)

17. Potaaaium

Percent Solida

explicit
iica ar« ••»&«*•*•»»'•• -•—- ~ _
coatalaad oa Co«« faga. howavar. % 100352



- -
NO.

» S*KFLt 10. «>.

,
1Concantratlo...
I :atrl«: Vacar

3̂.
| 4.
S.
i.
7.
B.
t.
10.
11.
11.
Cyanide

,———*-————— Percent •*-— -—— .— ««i" •" rfrssJ ••••• «"«•*"•srŝ '«s w- -*•<•
Ĉo«v̂ âff̂ m̂ mvam



U*>»'«" »<««<"

- . . <



U.S. EPA Contract Laboratory Program EPA Sample Mo.

. Sample Management *...,«„>„; ,MWO ĝ re?v >0. Box BIB - Alexandria. VA 2231J •. (% i————T3^1
jSo3/S37-2490 PTS: B-337-2490 ' Oatm __£l£

INOIGAHIC ANALYSIS DATA SHEET
I * CASEI LAB BAME CHEKTECH ffnM̂ Ttwc CRQUP *•***
. SOW HO.
LA. SAPLE ID. «0. U'°"

EltMoca Identified «nd Maaaured

Concentrations t^^ J Kt41u" -
Matrlxs Water / _ Soil_____ «udge————— Other

*

«77i>r «g/kg a-rj walght (CircU Ona)

Sariu«
S.
t.
7. CaleMa /5fVo.P ——— "•

20.

10. Coppag_____J6 <JP. ————. M«
II. trott ™̂ *̂ "•
11. Uad

, Cy.ald. _______ 10 <J ________ . f«eaat Solid.

' rootaocaa, to. r.por.lag ra.ul,. c. »̂ yu daftaad oa Co«r faga. M4iti«n .1 I Tlagau aaa oa o ._ratulta ara aaeouragad. Oafl«i«a« ««•«««*•»• , « o r r
•ad eoat«ta«d oa Cotar faga. fcowavac. 1003b5

Ua Kaaagar



form I

, U.S. EPA Contract Laboratory Program
J Staple Management Office
L ,0. Box BIB - Alexandria. TA 22313
pr03/337-2490 fTSi B-337-2490

INOKGANIC i
I LAB BAME CHEHTECH CON^TING CROUP
sow no. 7?v

1 LAJ SAHPLC 10. MO. £a-V7?-/0

ORtGINAL
(Kedj

E
UTALYSIS DATA SHEET

CASE MO.

QC UPOftT

tfA Sample Mo.

>ate £̂ 3*- f5

•

MO. V7J

j Elements Identified and Measured '
Concentrations Low J

jffatrixs Water / Soil
Medium

Sludce
-

Other

] (jjg/T)or mg/kg dry weight (Circle One)
I. Aluminum FsH WT̂  13. Manaalum ff&j] ?.

\ 1. Antimony 50 rf-P
3. Arsenic /O tfR *
IW Barium SC of.
S. Beryllium f 0?,

m _

1 1. Cadmium 5" ̂
7. Calcium fSW.K

i 1. Chromium /O UP
•• Cobalt -20 OR/?
j 0. Coppar Jg p.
11. Iron /̂  £/?#
1 2. Lead 5VF>?
Cyanide //. Q

14. Manganese
IS. Mareurf
U. Mickal
17. fotassium
•IB. Selenium
If. Silver
20. Sodium
21. Thallium
22. Tin
23. fanadlum
24. Xlae
f arcane Solids (t)

yrc/̂ e
O.JV
jQuf.
fi&vl Ft5"f/r
10 1
g?3? ?.
10 OF.
3OOF*
Jort
50?>**

lootnoteai for reporting resuita to EPAt atandarsl result tuallfiara are use!
, u defined om Cover Page. Additional flags or footnotea explaining
: results are encouraged. Definition of such flaga swat be explicit

and contained om Cover fage« however.
!.-.«., . ' *0035B
^ ; -

1 •

* tat Manager _

•

J/ /. 7 — 7
~V L/̂ ASM

^
'/ f



form I
[IP A Sample No.

U.S. EPA Contract Laboratory Program..
'i imple Management Office
S.O. Box BIB - Alexandria. fA 22313 .

//C&
..703/337-2490 fTSs B-337-2490 Ottt

1MORCAHIC ANALYSIS DATA SHEET
««,« CASE MO.BAKE CTEKTECH c™<"'VTItlc CRQU*

$0tf *°' ———— —————— T QC MPOIT MO.
LAB SAMPLE ID. MO. '

j CoBcantcatioa:
' V.t.r

V j> Arsenicv~~ _
17. Focaaaim

] S. Beryllium IB. Selenium

I ?. Calciumi —B. Chromium

farcaat Solida 122

footnotesi for



1 -• U.S. EPA Contract Laboratory Program
I jaople Management Office
Sf .R Box BIB - Alexandria. *A 22313

formal
EPA Sample Mo.

. 311
703/337-2490 fTSi S-337-2490

INORGANIC ANALYSIS DATA SHEET
CASE MO.LAB BAME CMEMTECH r™*"ynMC CMW*

LAB
I
•' . . glaa«nca Identified and Measured

1 Concentrations _ .. •£•••«*•• Other
Matrix: »-«•* J SoU

I. Antimony ^

r mg/kg dry weight (Circle One)

1*. Mancanesa
if. Mercury

17. fotaaaium
IB. Selenium

*. Cobalt ^D^K "' Th*lltum——————^
10. Copper^̂ •AAaĉ HM

11. from
12.

0 u/? II. Tta
i .. .... svu Ĵ A"« 23. Vanadium

Fareaat Sollda

rootaotaa, for r.ooc.la. r..«U. t.
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inia's
eeredt-̂ . •Species

Ja» "̂  ""î .

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 sturgeon, tan riffle shell mussel, Appalachin monkeyface pearly mussel.
bird wing pearly mussel, Cumberland monkeyface pearly mussel, dromedary pearly mussel, fine rayed pigtoe pearly
mussel, green blossom pearly mussel, rough pigtoe pearly mussel, and shiny pigtoe pearly mussel.
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OFFICIAL VIRGINIA ENDANGERED
VETERBRATES AND MOLLUSCS

Species Scientific Name Status
Birds:
Brown Pelican " ' (Ptltunm KcidentaUt) . Casual transient
Southern bald eagle ' fHnJwtfw Iwoapltalta) Resident coastal
Peregrine falcon (fu!n fcnfrinta) Migrant transient
jRed-cockaded woodpecker fPrnrffocrom borralis)____ Rerident-S-E. Virginia _,
Bachman's warbler (VrrmiMra kuhminniil ' Transicnt-N. Virginia

Mammals:
Gray bat (Myotif grimceiu) Western Virginia
Indiana bat (MyoUt ubli$) Doubtful S.W. Virginia

I D e l m a r v a fox squirrel (Sditnu niger eiianutf . • Eastern Shore
Eastern cougar . '(ftlit ewiwtor coufar) -Doubtful

Reptiles: '
1 Atlantic rldely tea turtle (LrpiJMyt ktmpu) Attantk Coast

Hawksbill sea turtle (Intmxfulyt fmkrinto) Atlantic Coast
Leatherback sea turtle (DermxMyt teriatn) Atlantic Coast
Loggerhead sea turtle tCarella ttrtHat Atlantic Coast

Ush:
Shortnose sturgeon (Ariptnstr brnrintlnn) Atlantic Coast

Tknaterud;
I Y e O o w f t n madtom (Nolunu flompinnit) S.W. Virginia

Spotfin chub f fHyfopfif monachal ' S.W. Virginia
Molluscs:
Tan riffle sheO mussel (Epiobluma twfbnV Middle Fork,

Holston River
Appalachian monkeyface pearly mussel (Quutnla tpana) S.W. Virginia
Birdwing pearly mussel (Cannulilla tttlah) S.W. Virginia
Cumberland monkeyfice pearly mussel (QutJrula itttermtclia) S.W. Virginia
Dromedary pearly mussel fOromw famas) S.W. Virginia
Fine rayed pigtoe pearly mussel (ftaconnia cuntotus) S.W. Virginia
Greenblossom pearly mussel (tpioblatmt torvloa fubtrnaculum) S.W. Virginia
Rough pigtoe pearly mussel /Pkurotrmn plenum) S.W. Virginia
Shiny pigtoe pearly mussel (FuKwui tdgarian*) S.W. Virginia

I
1 ENDANGERED SPECIES REFERENCES

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—VPI&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—SO slides & fcript
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i Virginia's
S-ndangered
Species______________^_____
Of the world's species known to have become extinct, tion throughout all or a significant portion of Its range in

I more than two-thirds have disappeared during the twentieth Virginia. Also Includes those plants and animals on, or being
century alone. Extinction of certain spedef is Inevitable, as considered for inclusion on, the U.S. 1& of Endangered fauna and
the process of natural selection opens up niches for some ' Threatened Rant Species of tht Unitttt States, as provided under the
species while closing up the niches of species unable to com- Endangered Species Act of 1973. (Public Law 93-205).

I pete or adapt; however, this process is usually a slow one and Threatened
it is clear that more than natural causes are responsible for A plant or animal which is likely to become endangered
the rapid rise in extinction rates during this century. Recog- within the foreseeable future throughout all or a significant

Snizing this trend, and concerned over the threat it poses to portion, but not yet considered endangered. Also includes those
the maintenance of natural diversity and a gene pool for plants and animals listed under the provisions of Public Law
future generations, a variety of groups concerned with the 93-205.
environment have promoted such concepts as habitat pres- Special Concern

Icrvation, wilderness areas and the protection of endangered A plant or animal which should be continually monitored
species. State and federal governments as well as the private fc) because it exists in only one or a few small geographic
•ector have responded in a variety of ways. The Endangered areas and/or is rare 0ow population density) over a relatively

. Species Act of 1973 provides a program for the protection of broad range; (b) because its existence may become endan-
I species considered to be endangered or threatened with gered due to the destruction, drastic modification, or severe
• extinction. The act requires the fisting of endangered and curtailment of the habitat; (c) because certain characteristics
threatened species according to specified criteria, prohibits or requirements make it especially vulnerable to specific pres-

taking" of any listed species and encourages the preset- fures; Or (d) because of other reasons identifiable by expe-
of their habitats. rienced resea. :hers.
terms "endangered" and "threatened" are used rather statia Undetermined

loosely these days, sometimes for sensationalism and some- A piant or animai that has been suggested as possibly
I times out of ignorance. A definition of terms is important and threatened or endangered but about which there is not enough
I a group of experts meeting at Wgtnia Tech in 1978 agreed <|ata to accurately determine its status.
upon the following: - Recently Extinct or Extirpated

i Endangered A plant or animal which recently occurred in Virginia, but
j A plant or animal whose prospects for survival are in which no longer exists in the state as determined by historical
immediate jeopardy; in danger of extirpation and/or extinc- documents and/or knowledge of experts. D
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The Red-cockaded V^ _________
The red<ockaded woodpecker was once a common bird in fiB with resin. Heartwood is quite hard, but a high percentage

1th* mature pine forests of the Southeast. It lived from east of cavities is found in pines infected with a heart rot fungus
Texas to Florida and north to Missouri, Kentucky and Mary- called red heart. This fungus weakens the heartwood and
land. Today, its range and population have been reduced makescavityexcavatipneasier.ltoftenthekillsthetree,tothe

. through loss of habitat dismay of foresters.
I This bird may soon become the victim of its own enigmatic ' Much of the South has been cleared for agriculture or other
' way of life. Over-specialized to the extreme. It nests only in uses incompatible with the needs of the red-cockaded, and the

pines infected with a unique fungus disease. This affliction, red remaining pine forests are not suitable for it. Each year, more
1 heart fungus (forms pint), decays the heartwood, but does not areas become unsuitable. Because of the drastic loss and con-

kill thetree, thus furnishing the woodpeckerwithideal nesting tinued decline of habitat, the bird is considered in danger of
sites and a plentiful food supply. Strangely, the bird cannot extinction.
seem to adapt to other ecological conditions. In 1970, the red-cockaded was declared an endangered spe-

Iln preparing a cavity for nesting, the red-cockaded wood- ctes. Mitchell Byrd, of the biology department of the College of
pecker flakes away the bark several feet above and below the WiBiam and Mary, has expressed serious concern over the
cavity entrance. Perhaps the smoother surface makes it harder chances for recovery of the red-cockaded woodpecker in Virgi-

Ifor snakes to reach the cavity. Scattered about the trunk near nia, as habitat analyses reveal that only two to five percent of
the cavity entrance, numerous small holes cafled resin weBs are Virginia counties currently have timber of an age that would
chipped through the bark. Resin flowing from these holes support colonies of the bird.
eventually coats the trunk with pitch. Birds regularly peck at Since it was declared an endangered species, the red-
sin weQs to stimulate resin flow. cockaded has the same protection given the better-known bald

\ _^The red-cockaded's ideal tree must have enough heartwood eagle and whooping crane. But protection alone is not enough.
to contain a roosting chamber. A chamber in sapwood would 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

:':"'r survival, especially if the red-cockaded already fives on their
land. In cooperation with the Union Camp Corporation, a
j.rnf*rtP̂  fM»*arcfa site of afrout 200 acres has been established
IP gn««»v f*njfn*y fyr the woodpecker. Dr. Byrd and his col-
leagues wiU then have ample time to study the foraging habits,
nesting activities, and habitat requirements of the bird.
• Among woodpeckers, the red-cockaded has an advanced
social system. These birds live in a 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
cafed helpers.
f xtensive surveys in Sussex, Surrv. Isle of Wight. King

pj»f*rgt» Southampton, and Brunswick Counties as well as
Y'rf inia fV.ich and Suffolk Cities were conducted by Dr. Byrd
T/pd̂ griiduatg students to determine the status of the red-
f̂ -kadfd woodpecker (Pitaides banalis) in these areas. More than
40 sites with one or more cavity trees were located; however,
many appeared inactive, jyghtof JO cofcnv areas are active iq

te
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. Q
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