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FOREI^JORD

This report is part of a series intended to cover the ent'ire

State, and to provide private cit'izens, groundwater users, developerS,

investors, well dri'l1ing contractors, consu'ltants, profess'ionals,

and government officials with as complete a picture as possib'le

of the groundwater s'ituation, including prospects, as it exists

in each of the counties of V'irqinia.

0n the basis of this report, prospective groundwater users

and anyone else interested in the development and protection of

that invaluable resource that is groundwater can call a consulting

hydrogeolog'ist to handle their specific groundwater problem, while

the State f{ater Control Board remains at the public's service

for general information and governmental action.

x'l
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PRINCT l^JILLIAM COUNTY GROUNDWATER

PRESENT CONDITiONS AND PROSPECTS

by

C. D. Comer

ABSTRACT

Groundwater availability'is highly variable in Prjnce Willjam

County and depends prirnarily on the geo'logic formation in which

the groundwater occurs and secondarily on the topographic position

of the well site. The greatest valiations in the geologic for-

mations occur among the physiographic areas which, from West to

East are: Bull Run Mountain, the Triass'ic Lowlands, the Piedmont

Up1 ands , and the Coas ta I Pl a'i n .

Aquifers are geologic formations that are capable of contain'ing

and transmitting groundwater to wells. The quartzite rock on

Bull Run Mountain'is a very poor aquifer. The red shale, siltstone,

and sandstone rocks of the Triassic reg'ion are the most widespread

and productive aquifers in the County, while the djabase rock

of the Trjassjc region 'is the poorest aquifer. The granite and

schist rocks of the Piedmont yield low to moderate quantities

of groundwater; and wells drilled 'in va11eys, draws, and rav'ines

yieid more water than wel'ls on ridges or hii"ltops. The unconsol'idated

Coastal Plain deposits in the extreme eastern port'ion of the

County are good aquifers, but these sed'iments are too thin in

some places t0 be highly productive.

x'ii i



The natural quality of the groundwater varies with the aqu-ifer.

The water from the Priedmont schist and granite.is soft to mod-

erately hard, contains low to moderate amounts'of dissolved mineral

matter, often contains excessive iron, and is acid to slightly
alkaline and may be corrosive. The quartzjte rock on Bull Run

Mountain yields water that is very soft, low in dissolved minerals,

and is acidic and corrosive. Groundwater from the Triassic sed-

imentary rocks is hard to very hard, very high in dissolved minerals,

alkaline (noncorrosjve), sometimes contajns objectionable amounts

of iron, and often contains excessive sulfate. The Triassic

diabase groundwater js sim'ilar to that of the sedimentary rocks,

but is lower in sulfate content. water from the coastal pla.in

sediments is soft to moderately hard, relatively low in d.issolved

mineral matter, acidic to slightly alkaline, and commonly contains

excessive iron.

Groundwater pollution is a potential long-range problem,

especially where there are high concentrations of septic tanks.

The Triassic sedimentary rocks are probably more vulnerable than

any other aquifer system in the County to septic-tank contamination.

Gasol jne leaks in bur'ied storage tanks are another s.ignificant

s0urce of groundwater contam.ination.

Present groundwater development is significant, by means of

numerous wells'in the Manassas area for public water supplies and

in several subdivisions and governmental institutions throughout

the county. Most domestic water suppl ies in rural areas of the

County depend exclusively on groundwater.

XIV



The area w'ith the best potentjal for large-scaie groundwater

development ts a 27 square-mile tract south of Manassas to the

Fauquier County line and west of Cedar Run. This area is in

Triassic sed'imentary rocks and coul d possibly y'iel d .l0.6 
mi I I ion

gallons per day. A second area 'in the Tpiass'ic sedjmentary rocks

could be developed west of Catharpin but a reliable estimate of

the potentiai yield cannot be made. The southeastern portion of

the Coastal P'lain aiong the Potomac River from the Stafford County

line to Powells Creek also likely coniains a significant amount

of groundwater readily ava'ilable for development.





CHAPTER I

I NTRODUCT I ON

Bac kg ro und

Prince i,jill'iam County'is located jn Northern V'irginia approx-

jmately 25 mjles from Washjngton, D. C. (Plate 1). The maiority

of the County is rural in nature, although urbanization has occurred

at a very rapid rate since .l960. 
The proximity of the County to

the nat'ion's capito'l is primarily responsible for thjs trend. The

incorporated towns with their populations (1974 data) ane: Manassas

(13,067), Manassas Park (6,308), Dumfries (2,230), 0ccoquan (672),

Quantico (777), and Haymarket (235).

Agricul ture, chief iy l'ivestock and pou'ltry products, has been

increasing in economic output al though decl'in'ing in over-al I im-

portance 'in the County. Manufacturing has increased greatly in

output and empl oyment wi th the pri nci pa'l 'industri es bei ng i nvol ved

in construction materials (particu'la11y structural steel ), refrig-

eration and air condit'ion'ing equipment, motors and generators,

electronic components, and research activ'ities. The U. S. Marjne

Base at Quantico emp'loys some of the County's residents. Also,

many citizens conrnute to the Washington D. C. area, primarily for

government-related jobs. (Much of thjs jnformation was taken from

the Division of State P.lanning and Community Affairs, .l973).

The County's popu'lat'ion grew from 50,.l64 in .l960 to l5l ,659

in .|974, with an average annual growth rate peaking at 8.3 percent

in the .l960's. This rate is presently decl ining (4.8 percent), and

according to the Division of State Plann.ing and Community Affairs



(1975), the decline will continue and gradual'ly reach 2.2 percent

in the years ,|990-2000. 
The population for the years .|980, .l985,

1990, and 2000 is projected to be 180,000,209,000,238,000, and

296,000 respectively.

This continu'ing influx of people will bring additional problems,

not the least of which will be the providing of an adequate supply

of potable water. At the present, much of the water ut'iljzed'in

the County is purchased from the Fairfax County Water Authority. The

financial burden of prov'iding water is aggravated, since the price

of wholesale water is escalating a'long with the increased demand.

Thus, it behooves the County to make use of its existing groundwater

resources where available to alleviate this burden.

Groundwater development usua'l1y is less expensjve than surface

water development because of the large capital outlay required in

building a surface impoundment and in purchasing land to be flooded.

It is also more flexible, since wells can be dril'led'incrementa'l1y

as demand increases.

Purpose and Scope

The purpose of th'is report is to consolidate available in-

formati on on groundwaterin Pri nce Wi l l i am County, and to prov'ide

County off ic'ials and citizens with a concise publ icat'ion that

relates this information to existing groundwater conditions and

to potential for groundwater development.

The planning and development of any area'is dependent on a

potable water supply. The importance of groundwater resources is

magnified in areas where a sufficient quantity of surface water is
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unavailable or where surface water js of an undes"irable quality. This

report attempts to 'identify areas where signifjcant quantities of

undeveloped groundwater are believed to exist. Also, the chemical

quai ity of the groundwateris covered 'in as much detail as present

data will allow, and certa'in groundwater problems are enumerated.

Methods of Investiqation

The occurrence , ava'i I abi I 'i ty, and qual i ty of groundwater are

governed by geology, which is very djverse in Prince l,lilliam

County. Therefore, the geologic framework of the County was in-

vestigated from available reports and unpubljshed data. Information

on the productivity of water wel ls was examined and consolidated

with the geologic data to establ'ish the correlation between geology

and well yieids. The influence of topography on well yields was

also considered as was the depths and construction characteristics of

the wells. Chemical qual'ity samples were collected at selected

sites to establjsh the effect of geology on groundwater quality.

These data were supplemented with chemical anaiyses from public

water-supply welis prov'ided by the State Department of Health.

Other sources of information on the hydrogeology of the County

include' data from water-level observation wells, water-level

measurements from private and publjc wells, pumpage records,. and

pumping test and other information provided by well drillers.

All water well information and records of water qua'lity analyses

used in this reporb are jn the fjles of the State Water Control

Board central office in Richmond and the Northern Reg'ional 0ffice

in Alexandria. These data have been computerized for storage and

retrieval and were used to comp'ile Appendices n and B.



Previous Investigations

The earliest reports concerned wjth groundwater in Prince

hlilliam County were published by Clapp (l9ll ), Sanford (.|912),

and Cady (1933 and 
.l938). Additional groundwater information,

although generaljzed, is contained in publications by l,{a1p (.I960),

Johnston (.l960) and the V'irginia Divisjon of Water Resources (.l969),

whjch is now part of the State Water Contro'l Board.

Publjcations pertinent to the geology of the County'include

studies by Lonsdale (1927), Roberts (.l928), Brown (.|954), Southwick

et al (.l97.|), M'ixon et al (1972), and Lee (.|976). The only geologjc

map covering the entire County is the State geologic map prepared

by the D'ivision of Mineral Resources (.|963). This map is at a

scale of l: 500,000 and therefore is not of sufficient detail for

anything other than generalized groundwater jnvestigations. The

report by Mixon et al (1972) contajns a detai'led geologic map at

a scale of l:24,000 of the Quantjco 7.5 minute quadrangle, but a

deta'i1ed geologic map'is not available for any other quadrangle in

the County.

Detailed soils maps at a scale of I 'inch = 400 feet are

ava'i I abl e through the Bureau of So'il Sci ence and Eros'ion Control

'in the County Public Works Department. These soil maps can be

related to the underlying geologic formations by referring to Kaster

and Porter (undated) and Pettry et al (.l970).

Water Wel'l .Numbering S.ystem

The water wells studied for thjs report are'identified by the

State Water Control Board's Bureau of Water Control Manaqement well



numbers. Each well number cons'ists of two parts, Such as .l75-55.

The first number, 
.|75, denotes the County'in which the we'll is

located; in th'is case Prince William. The second number,55, is a

sequential number that refers to a Spec'ifjc well in Prince hljliiam

County.





CHAPTER I I

PHYSICAL SETTING

Phys i ography

Prince l.lilliam County lies primarily within the Piedmont

Province of Northern V'irginia. The extreme eastern portion of the

County (rough1y, the area east of Interstate Highway 95) l'ies

within the Coasta'l Plain Province. The County's land area is 347

square miles and its water area'is approximately seven square miles.

The morphology of the County contrasts sharply between the salt

marshes and tidal flats along the Potomac River and the prominent

ridge of Bull Run Mountain. The 'intervenjng area consists of

rolling hills and lowlands.

The crest of Bull Run Mountain forms the northwestern boundary

of the County and the Potomac.River forms the southeastern boundary

(Plate 2). The highest point on Bull Run Mountain is l,3ll feet

above sea level. The elevation drops to approx'imateiy 500 feet

at the base of Bull Run Mountain.

The area southeast of Bull Run Mountain for approximate'ly 17

miles is known as the Triassic lowlands, which is a sub-province of

the Piedmont. The Triassic js characterized by flat to gently

rolling topography with several prominent northeast-southwest

trending ridges of 50 to 75 feetin rel'ief. The Triassic lowlands

drops in elevation gradually to about 200 feet on its eastern

boundary.

East of the Triassic the Piedmont uplands extends for approximateiy

l0 mi1es to the Fall Line, wh'ich forms the boundary between the



P'iedmont and the Coastal Plain. The P'iedmont and Coastal Plain'in

Prince l^lilliam County have been d'issected by stream erosion so

that the relief in both areas is greater than jn the Triassic

I owl ands .

Hydrol ogy

The County lies within the Potomac R'iver Basin and js drained

mostly by the 0ccoquan Watershed. 0ccoquan Creek 'is formed by the

confluence of Bull Run, Broad Run, Cedar Run, and several smaller

streams. 0ccoquan Creek 'is a tributary of the Potomac and enters

that river at the northeastern boundary of the County. Several

smaller tributaries of the Potomac drain the remainder of the County

south of Occoquan Creek. The larger of these are Neabsco, Powells,

Little, Quantico, and Chopawamsic creeks.

The 0ccoquan Watershed 'is impounded by two concrete dams near

the town of Occoquan. The larger of the dams creates a reservojr

of 9.8 billion ga1'lons which furnishes the potable water supply

for the Fairfax County Water Authority. Some of this wateris

utilized in Prince l,'lilliam County since some of the County sanitary

districts purchase their water wholesale from the Fajrfax County

f'later Authori ty.

Severa'l streamf'low gaging stations are maintained throughout

the County. The data from these are published annually by the

U. S. Geo'logica'l Survey in "Water Resources Data for Virginia". Flow

data for three of these stations for the years indicated are shown

in Table l. The hr'gh values for June 
.l972 reflect the unusuaily

heavy rajnfalI assocjated with tropical storm "Agnes" on June 22,1972.
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Several areas 'in the County aiong the maior streams are

subject to f I oodi ng . Fl ood damage i n some communi t'ies , notably the

town of Occoquan, has been extensive during maior storms. All

ident'ified flood-prone areas in the county with the exception of

the town of Haymarket, are present'ly participat'ing in the National

Flood Insurance Porgram administered by the U. S. Department

of Housing and Urban Development.

The qua'lity of the surface water in the County is genera'l1y

poor. The 0ccoquan Reservoir suffers from an over-abundance of

nitrogen and phosphorus nutrients derived from sewage treatment

plant discharges and storm water runof,f from urban areas, agricultural

I and, and construct'ion s'ites . These nutri ents contri bute to ex-

cess'ive growths of algae which lower the djssolved oxygen content

of the water and cause taste and odor problems.

The Potomac River adjacent to Prince lllilliam County is actually

an estuary, wh'ich meansit is within the range of the tidal fluct-

uations. Therefore, the wateris brackish and unusable as a water

suppl y

Cl imate

The cl'imate of Prince llJilliam County is temperate. The average

annual prec'ipitation js 39 to 42 jnches. The average temperature

in Ju1y, the hottest month,'is 770F and in January, the coldest

month, 35oF. The tabulation below gives the average monthly values

for temperature and precip'itation, from a weather-observation

station at the U. S. Marine Base at Quantico. The averages re-

present 58 years of data for temperature and 56 years for pre-

cipitation.

t3



AVERAGE MONTHLY TTMPERATURE (OF)

Jan. Feb. Mar. Apr. fvlay June July Aug. Sept.Oct. Nov. Dec.

35.4 36.8 44.86 55.8 64.7 7?.8 77.5 75.3 69.1 57.8 45.7 36.6

AVERAGE MONTHLY PRECIPITATION ( INCHES)

Jan. Feb. Mar. Apr. I'lay June July Aug. Sept.Oct. Nov. Dec.

3.09 2.45 3.19 3.19 3.30 3.58 4.27 4.79 3..13 2.82 2.43 2.74

The rainfall is djstributed fairly evenly throughout the year,

but js highest jn Juiy and August and lowest from 0ctober through

February. However, the groundwatelis recharged from December

through April since the late spring and summer precipt'tation is

utjlized by vegetation and much is'lost by evaporation.

Soils and Vegetatjon

Soils are subdivided into three z0nes: surface so'il, subsoil,

and parent material. The parent material is composed of weathered

bedrock which reta'ins much of its original texture and structure.

The parent material grades downward 'into fresh, hard bedrock.

Regoijth js a term used for the weathered material and so'il zone

above fresh bedrock. The thjckness of the regolith is an important

factor jn water-well product'iv'ity in areas under'lain by crystalline

rock (e.9. the Piedmont), since the regolith is much more porous than

the bedrock. Therefore, that portion of the regolith below the

water table is a good groundwater reservoir.

The soil zone is usually a direct reflectt'on of the underiy'ing

bedrock on which it has developed. For instance, a soil that de-

ve'lopes over a granite bedrock will have different characteristics

1At.t



from one that develops over a slate bedrock. The sojl does not

a'lways reflect the bedrock, since some soils were deposited in the

flood piains of streams (alluvial soils) and some soils have re-

sulted from the slumping of material from a higher elevation

(colluv'ial so'ils) such as at the base of a mountain or embankment.

The internal drainage characteristics of a part'icular soil

affect the rate in whjch water infiltrates through the soil and, thus,

affect the rate of groundwater recharge. Soil texture largely

determjnes internal drainage characteristics. ldater dra'ins more

easi'ly through coarse textured soils, such as sandy loam, than

fine textured soils, such as c1ay. Also, the different zones in

a particular soil often have different textures and therefore

d'ifferent drainage characteristics. For instance, a sojl that

has well-drajned surface sol1 may have drainage restrictions in

the subsoil, such as sandy loam underlain by c1ay.

Detailed information on the soils of Prince t^lill iam County

can be found in the previously mentjoned works of Kaster and

Porter (undated) and Pettry et al (.l970). These publications

relate specific soil types to underlying bedrock and were used

extensively in preparing this report.

Nearly half of the County is in forest, most of wh'ich is

commercial. The National Park Service holds 
,l2,000 acres in Prince

hlilliam Forest Park and 
.l,06] acres in Battlefie'ld Parks. Also,

most of the Quantico Marine Base is 'in forest. The predominant

forest types are oak-hickory, Virg'inia pine, oak-pine, and red

cedar. Forested areas imoede surface runoff and thus contribute



to groundwater infiltration. Farmland makes up most of the re-

maining non-urbanized areas in the County. Vegetated areas jn

generai are more favorable to groundwater recharge than urban areas,

due to the artificjal surface-drainage systems associated with

urbani zati on.



CHAPTER i I I

HYDROGEOLOGY

Geol og i c Sett'i ng

The geology of Prjnce hlillaim County is very djverse and jn

some areas, complex. The greatest djversjties occur among the

phys'iographic areas, Bull Run Mountain, the Triassic lowlands,

the Piedmont uplands, and the Coastal Plain (Plate 2). All of

the three broad groups of rocks, igneous, metamorphic, and sed-

imentary, are represented.

Bull Run Mounta'in is underlain by metamorphic rocks, primarily

quartz'ite interlayered with thin beds of phylljte, schist, and/or

slate. The Tr"iassic lowland area is underlain by sedimentary

rocks which have been intruded in some areas by igneous rocks. The

resistant igneous rocks form ridges which run roughly northeast-

southwest. The Piedmont uplands is underlain by a complex association

of various metamorphic rocks, primarily schist and gneiss, and by

'igneous rock, primariiy granite. The Coastal Plain 'is underlain

by unconsolidated sand, silt, clay and gravei deposits.

In Precambrian time muddy and sandy sed'iments were laid down

on the floor of a sea which then occupied the Piedmont area.

During the Cambrian Period, near the end of this period of deposition,

volcanic activity resulted in thick lava flows and ash-fall deposits

over the sediments. Further west, water-la'id sand deposits accumulated

in the area now occupied by Bull Run Mountain. During the 0rdovician

Period, the vo1canic act'ivity in the eastern Piedmont subsided, and

shale was deposited over the volcan'ic rocks.



Several ep'isodes of mountain-building activity (culminating in

the Appalachjan 0rogeny) took place throughout the Paleozoic Era,

and the volcanic and sed'imentary rocks were subjected to extremely

high temperatures and pressures whjch transformed these rocks

into their metamorphic equivalents. Shale became schist or slate;

sandstone became quartzite, etc. Compressional forces squeezed

the rocks into folds during the mountain-bu'ilding ep'isodes. Molten

rock from deep within the earth was injected into the pre-existing

rocks while they were deeply buried, and this produced bod'ies of

granitic rocks throughout the Piedmont. Subsequent erosion of the

overlying rocks has exposed the granites.

During the Triassic Period, tensional forces tended to pu1'l

the earth's crust apart along what is now the Atlantic Coastal

area. This created down-faulted sedimentary basins from Nova

Scot'ia through Georgia. After the Triassic Basjn in the Northern

Virginia area filled with sediment, renewed igneous activity 'iniected

molten rock into the Triassic deposits. During the Cretaceous

Period and later, the Coastal Plain sediments accumulated over the

ancjent Piedmont rocks 'in the eastern part of the County. Stream

erosion has altered the surface to g'ive the topography expressed

today.

Geoloqic Formations

The aeral distribut'ion of the geologic formations in Prince

l,..lilljam County'is jllustrated on Plate 3. Table 2 lists the various

rock units'in order of oldest at the bottom to youngest at the

top and their water-bearing properties. Age relationships are
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unclear for some of the ancient P'iedmont rocks, although relative

ages can be determined jn some cases. Groundwater characterist'ics

are described on the bases of lithology and physiographic province

starting on page 35.

The tll'issahickon Formation is the oldest and most wjdespread

rock unjt in the Piedmont of Prjnce William County. The Geologic

Map of Virginia (.|963) refers to th'is rock unit as metamorphosed

sedimentary rocks, although U. S. Geological Survey publications

still use the formal stratjgraphic name, Wjssahickon' Formation

(Mixon et al,1972). It is composed of various metamorphic rocks

including green to gray quartz-mica schist, phylljte, and dark

gray to white quartzite and gneiss. The contact between various

rocks of the l,Jissah'ickon are cornmonly gradational . The schist

and phylljte weather readily, producing a deep, yellowish-red to

brown silt or silty clay soi1. The quartzite and gneiss are more

resistant to weathering and produce a thinner' more sandy sot'.l.

An unnamed greenstone body occupies a small area northeast

of Manassas along Bull Run. It occurs along the contact of the

Wissah'ickon Format'ion and the Triassic sedjmentary rocks, and

'is a southerly extension of a sinuous Strip of greenstone that

runs through Fairfax County. Johnston (1962) described the greenstone

as being a heterogenous assemblage of varjous massive to schistose'

ultra-mafic rocks.

The granitic rocks (granite and granite gneiss) in Prince

tllilliam County are widely distributed throughout the Piedmont. They

vary cons'iderable in compos'itjon, range'in color from dark gray to
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