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FOREI{ORD

This report is one of a series intended to inventory the ground
water resourees of each county in the commonwealth. The purpose is
to provlde all ground water users, including private cltizens, devel-
opers, investors, government officiaLs,
professionals and consultants, with an overview of the ground water
situation as it presently exists throughout Virginia.

It is our intent that prospective ground water users and others
interested in the development and protectlon of ground water will
gain insight into the opportunities and advantages inherent in this
invaluable natural resource.

The State llater Control Board remains available for lnformation,
assistance and governmental actlon.



ACIO{OWLEDGEMENTS

The office of Geology at the Piedmont Regional office of the statewater control Board is indebted to many individuals who made this grotfird\rater report possible.

tr{e are indebted to the Virginia Division of Mineral Resources forour understanding of the geol0gy of Henrico county. Their excellentpublicattons, supplmrenred by ih. .,rrr.nr work prlduceJ-;; ;;;;'Raderand his staff, have proven invaluabl_e.

we are grateful to the nany water well drillers operating in thePiedmont Region who supplied us with water well data. rhe nost infor-mative of these companies include sydnor Hydrodynamics, Mitchellrstr{ell and Pump company, Dowdyrs welr and septtc 
-service, 

t{. H. GauunonI{ell Drilling, and Matirews Well and pump Company.

The assistance of our fellow State Water Control Board employees
was vital to the production of this publication. Riek Bower and A1
Gl1es supplied hydrogeorogic expertise, craig churn provided thenecessary computer assistanee, and Bill Banks and Ed Adams of theDrafting and Reproduction Department provided the graphic ski11s forthe illustrations.

I^Ie appreciate the efforts of the many people who took the time tore'riew the preliminary draft of this r.port. th."" include our fellowState trrlater Control Board Regional Geologists, llerb Ilcpkins of the U.S.Geological survey, John Benko of the Heniico county Health DeparEment,Garland sydnor of sydnor llydrodynamics, and Timothy McGarry oi the
Richmond Regional planning District Commission.

special thanks are due to our patient secretary, Nancy Thurston,
whose typographical perfecti-on and conunand of the English language havecontributed immensely to the coherence of this report.



TABLE OF CONTENTS

FOREI^IORD

ACKNOTfLEDGEMENTS

ABSTRACT

CHAPTER I - INTRODUCTION

Purpose and Scope of Report
Introduction
Method of Investigation and Data AssenbJ-y
Previous Investigation
I^Iater Well Numbering System

CHAPTER II _ PHYSICAJ, SETTING

Physiography
Land Use
Surface Hydrology
Climate and Soils

CHAPTER III - GEOLOGY

Regional Geologic Setting
Piedmont Geology
Coastal Plaln Geology

General Stratigraphy
Coastal Plain Tectonism

CHAPTER IV - HYDROGEOLOGY

General
Topography
Rock
Geologic Structure
Piedmont Hydrogeology

Paleozoic Rocks (330 MYBP)
Triassic Rocks (225 to 190 MyBp)

Coastal Plain Hydrogeology
Paleozoic ttBasement Complextt
Cretaceous Period (135 to 63
Late Cretaceous and Tertiary
Late Terti-ary and Quaternary

Fall Zone Hydrogeology
CoasLal Plain Fault Zone

Page

t l_1

iv

I
3

3
3
5
6
6

9

9
9

L2
L2

15

15
18
2A
20
22

23

(330 MYBP)
MYBP)
Periods (70
Periods (11

to 2 MYBP)
MYBP to Present)

23
23
26
2B
29
29
31
34
34
34
38
38
42
42



t,'

TABLE 0F CONTENTS (conrinued)

CHAPTER V - GROUND WATER QUALIIY

General
MaJor Ground llater Quality parameters

Hardness
Specific Conductance
Total- Dlssolved Solids (TDS)
Hydrogen Ion Concentration (pH)
Iron (Fe#)
Chloride (Cl--)
Fluoride (F-)
Nitrate (NO3-)

Conclusions

CHAPTER VI - GROIJND WATER RECHARGE & STORAGE

General
Piedmont
Coastal Plain

Artesian Aquifer Recharge (Patuxent Formation)
Artesi-an Aquifer Storage (Patuxent Formation)

Conclusions

CIIAPTER VII - GROUND I^IATER DEVELOPUENT

General
Well Construction
Ground lrlater Use
Future Devel-opment

APPENDIX I - Ground Water Report Forms

APPENDIX II - Ground Warer Quality Srandards and Criteria

APPENDIX III - Planning Gulde for tr{ater Use

APPENDIX IV - Sr:mmary of Water !{e1l Data for llenrico County

APPENDIX V - Summary of Ground Water Quality Analyses for Henrico
Countv

GLOSSARY OF TERMS

REFERENCES

Page

43

43
44
44
46
46
50
50
54
54
57
58

59

59
59
50
60
6L
62

63

63
63
65
65

67

75

81

8s

95

105

114

vi



Figure

8a

8b

9

10

11

'L2

LIST OF FIGURES

No.

Ground Water Characterlsti-cs of the Physiographic
Provinces in Virglnia

Location and Physical Setting of Henrlco County and
Ri.chmond North of the James River

lJell Locations in Henri_co County

Topographtc Map of Henrico County and Riehmond North of
the James River

Geologic Map of Henrico County and Richrnond North of the
Jarnes River
General Soil Map of Henrico County

Schematic Diagram Showing a Typical Triassic Basin Cross-
Section

Page

Frontispiece

2

3

8

10

11

L4

19

28

30

32

33

13

L4

4

5

6

7 l{est-East, GeneralLzed, Cross-Section, Depicting Marine 2L
Regressive and Transgressive Deposition in the Coastal
Plain Portion of Henrico County

Subsurface Water Zones 24

Soil Moisture Distribution 24

Hydrologic Cycle 25

Diagramatic Representations Showing Examples of Porosity 27
and Permeabillty

Fractures in Bedrock Formations Affect Well Yield

A Schematic Diagrarn Showing the Subs;urface Cross-section of
Typical Fractured and Jointed Piedmont Rocks

Typical Ground l.Iater trIell Locations in the Piednont

Coruuon Examples of Rock-Saprolite Relationships in the
Piedmont and the Effects They Have upon the Ground Water

Schematic Cross-Section Showing Alluvial Deposits of a
Typical Coastal Plain St,ream

16 Extent of Patuxent Formation in Henrico County and Richmond 36
North of the James River

3515

vil



Figure

T7

20

2l

22

23

24

18

t_9

. LIST OF FIGURES (continued)

No.

Extent of Tertiary Marine Deposi.ts in Henrico County
And Rietnnond North of the James River

Hardness Values for Ground Water in Henrico County

Speeifie Conductlvity of Ground l{ater in Henrico County
(exclusive of the Patuxent Formation) (nicro-nhos/cm)

Specific Conductivity of Ground Water in the Patuxent
Formation in Henrico County (micro-mhos/cn)

Dlssolved Solids j.n Ground Water in Henrico County

Ilydrogen lon Concentration (pH) of Ground tr{ater in Henrico
County
Iron in Ground llater ln llenrico County (exclusive of the
Patuxent Formation) (mg/1)

Iron i.n Ground Water in the Patuxent Formation in Henrico 53
County (rngl1)

Chloride in Ground Water in Henrico County (rng/l)

Fl-uoride in Ground Water in Henrico County (ng/l)

A Schematic Showing a Subsurface Cross-Section of the
Patuxent Formatlon and Zones of Lateral and Vertical
Recharge

Typical Ground Water Contamlnation Sources

Page

4I

45

47

48

49

51

52

55

56

62

2s

26

21

6428

vLl-r-



I,IST OF TABLES

Table No.

I Ternperature and Precipitation Data

II Scale of Geologie Time

III Rock Units and Their Characteristics

IV Hydraulic Conductivity - patuxent Aquifer

V Comnon Permeabllities and Hydraulic Conductivities

VI Ground Water Quality Standards

VII Ground Water Qual_ity Criteria

VIII Major Chernical Constituents in Ground Water

IX Planning Guide for Water Use

Page

13

16

t7

39

40

77

79

80

82

1X



SELECTED CONVERSION FACTORS
ENGLTSH UNrTS TO INTERNATTONAL SySTm4 (METRTC UNITS)

This report uses a dual measurement system based on English units
and the International System (SI) of metric unite. SI is a consistent
system of units adopted in 1960 by the Eleventh General Conference of
Weights and Measures. Seleeted conversion factors are listed below:

Multiply Enelish Units

Acres

Feet (ft)

Gallons

Gallons per day (gpd)

Gallons per minute (gprn)

Inches

Miles

Million gallons per day
(MGD)

Sguare miles

E.

0.4047

0.3048

0. 003785

0.00378s

0. 06309

25 .4

1.609

3,785.0

2.590

To Obtain SI Units

heetares

metres (n)

cubic metres (r3)

cubic metres per day (n3/d)

litres per second (Us)

millimetres (uun)

kilometres (kn)

cubic metres per day (*3/a)

square kilometres (krn21



GROI'ND WATER RESOI]RCES OF HENRICO COT'NTY, VIRGINIA

BY

flaywood A. Wiggl-esworth, Tirnothy W. Perry,
Russell P. Ellison, III

ABSTRACT

Henrico County is centrally located along the Fa1l Zone in Virginia
and encompasses portions of both the Piednont and Coastal PLain Physio-
graphie Provinces. The geologic diversity between the provlnces, as well
as geologic differences within each, produees a conplex system for grormd
water recharge, storage and retrieval.

The Piedmont section of Henrico County is conposed primarily of
crystalline rocks which contain little \rater except in areas of fracturing
and faulting. The crystalline rocks are overlain by a thick zone of
weathered bedrock which serves as a shallow aquifer system for many 1ow
demand purposes.

The Coastal Plain section of Henrico County is conprised of an
eastward-thickening sequence of sedimentary deposits ranging in age
from the Cretaceous Period (i-35-65 MYBP) to the present. The major
aquifer in the Coastal Plain is the Patuxent Formation which rests
upon the erystall-ine bedrock. The Patuxent is eomprised prinarily of
coarse sand and gravel and is the best water producing unit in the
county. Above the Patuxent is a series of geol-ogic uni.ts which were
deposited during episodes of advance (transgression) and retreat
(regression) of the sea. These units are often unfavorable for high-
yield purposes due to a large clay content.

Ground water quality in Henrieo County is generally good although
l-ocalized problems do exist. Care shoul-d be taken in the construction
of water wells to properly seal off the aquifer from sourees of con-
tamination. Shallow, water table aqulfers are particularly susceptible
to contaminat.ion from surface sources sueh as fertilizet, lagoons, fuel
storage tanks and failing septic fields.

Well systems omed by Henrico County withdraw approximately 6.06
nj-llion liters (1.5 nillion gallons) of ground water per day at present.
with the addition of new we11s to the system, this figure is expected
to doubl-e w:i.thin the next f ive to ten years. Increased ground water
withdrawals from the Patuxent Formetior, "r. possible without seriously
depl-eting the aquifer; however, consideration should be given to the
needs of the eounti.es to the east which aLso tap the Patuxent Formation.





CHAPTER I

INTRODUCTION

Purpose and Scope of Report

ThJ-s report is designed to acquaint the public with the latest
i-nformation on the location, quality, quantity, and future use potential
of the ground r^rater resources of Henrico county and that part of the
City of Rlchmond whieh is north of the James River. It is intended to
be an aid to the private citizen, government agencies, developers,
county and city planners, well drilling contraetors, and all others
interested ln the location, development, utilization and protection of
the ground water of Henrico County and the City of Richmond.

Much basic information, as well as detailed scientific datal has
been combined in this report- in order that the layman, as well as the
professional, nay be assisted.

Geology and ground water do not recognize political boundaries.
Therefore, for sirnplicity, ttHenrico Countytt or ttcountytt. as used in this
report, includes the City of Richnond north of the James River.

Introduction

One of the original eight shires or counti"es formed in 1734, Henrieo
County has a history almost as long as that of the State itself. Settle-
ment in the county began as early as 1611 and the county has been the
scene of rnany important events in the Staters hist.ory. Originally
encompassing all or part of eleven present day counties, Henrieo County
has been decreased in size to approximately 637 square kilometers (245
square rniles). The portion of Richmond north of the James River covers
approximately 69 square kilometers (26 square miles), and was formerly
a part of Henrico County.

The county is located in east-central Virginia and is bounded on
the north by Eanover and New Kent Counties, on the east by Charles City
County, on the south by Chesterfield County and the James River, and on
the west by Goochland County. [Figure 1] The county is partly bounded
by the Chickahornlny River to the north-northeast and the James River
along its entire southern border. Much of the countyrs western boundary
is made up by Tuckahoe Creek. Turkey Island Creek comprises much of the
county line in the southeast.

In 1978 the U.S. Bureau of Census reported that I47,79L people
lived in the City of Richrnond north of the James River. The 1980 U.S.
Census figures place the population of Henrico County at 180,315 people.
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Method of Investigation and Data Assembly

The background information for Lhis report was acquired from prevlousregional, State, and county reports. l{uch of the census and economic clata
were collected from city and county offic.ials and other State agencies.

rnformation on the climate, soils, and ve-getation came from special-ized county and regi-onaL reports. Surface water (runoff and drainage)information was supplied by the state water control Board (SI^ICB).

The pertinent geologic and geohydrologic data were collected by the
Bureau of Water Control Management of the State Idater Control Board,
Piedmont Regional offlce. Rules and standards of the state water
Control Board have provided for such data collection by bequiring a hlaterhlell Completion Report (Forrn GI^I-2) to be submitted to the Board for each
newly constructed water well (Appendix 1). This water well completion
report provides a record of the location, owner, contractor, construction
data, screen locati-on, rnrater level , yield, pump data, and drillerrs 1og
for the well. Geophysical logs are not required, but are a great aid
in geohydrologic interpretation when provided. Each water well completion
report must be accompanied by well cuttings colleeted for each 10 feet of
depth drilled unless previous exemption is secured from the State Water
Contrcl Board. Sarnple bags for the cuttings are provided free by the
Bureau of l,{ater Control Management in Richmond. Also, all industrial
and public supply water well users are required to submit a Ground Water
Pumpage and use Report (Form Gw-6) ro rhe Board quarterly (Appendix 1).

To provide for better ground water data management and pollution
protection, the State Inlater Control Board requires that it be informed
of all wells which are to be abandoned temporarily or pernanently. When
an industrial or public water supply well is to be abandoned, the orrrner
must submit the form Application and Report of Abandonment of water
I^Ie1l (GI'I-5) prior to the initiation of the abandonment procedures
(Appendix 1). The Board requires this form to be filed ro certify that
punnping and use of ground water from that wel-l has stopped. It also
indtcates that all industrial and public supply wells ire sealed properly
to prevent ground r{tater contamination by other ground water of poorer
quality, surface waters, and other pollutants.

Ground water quality information is collected weekly by the Piedmont
Regional Office, Division of Surveillance and Field Studies. Five wells
in one of the twenty-two counties in the region are selected at random
and sampled each week. Most of these ground water quality samples come
from wells with completion reports on record at the Piedmont Regional
office. chernical analyses for twenty-eight ground !ilater quality para-
meters are performed by the State of Virginia Consolidated Laboratory.

Ground r^rater quality information also is acquired through che
Pollution Response Program (PRep). This program responds to citi-zenst
complaints of ground water and surface rdater pollution 7 days a webk,
24 hours a day. Toxic and hazatdous chemicals, oil, gasoline, refuse,



siltation' sewage and industrial wastes are some of thethat frequently endanger the quality of ground water,and
through the PReP Program.

pollutants
are reported

The central reposi.tory for all available waoer well and ground
water quality information for llenrico County is the Headquarters Officeof the State trIater Control Board in Richurond. Copies of these records
are on file at the Piedmont Regional office. The inforrnation also has
been recorded on computer and is made available to the interestedpublic.

Previous Investigations

Detailed geologic reconnaissance and mappi_ng has been recently
completed for most of Henrico county by the Virginia Divisi_on of
I'Iineral Resources (VDMR) i-n Charlottesville. Seven geologic quadrangle
maps have been published in Geology of the Bon Air Quadrangl.e, Virginia,
by Bruce K. Goodwin: VDMR p

gl9=Ylarotli?n aua a, by Bruce r. cooarain: volm. nr zg(I9lU); and i"
Pjpes Quaarangt@ Paul A- Daniels, Jr. and Ernil onuschak,
VDMR' RI 38 (L974). Much information has been compiled for the remain;lng
geologic quadrangles withi-n the county but has not yet been published.

Hydrogeologic information is extremely limited for the ent.ire county
and was inferred from both regional reports and SLate tr{ater Control Board
well data. Little hydrogeologic work.has been done l-n the piedmont
section of Henrico County. The Virginia Division of l,rlater Resources,
Gqou4dYater of Henrico Countv. Virginia [Preliminary Basic Data Bulletin
36P (L97L) I addresses rhe hydrogeology or both rhe piedmonr and rhe
Coastal Plain in the county. Coastal Plain hydrogeol-ogy has been further
explored by D. J. Cederstrom in Geology and Groundwater Resources of the
York-James Peninsula, Virgi_nia , L957, -ana Uy a
and v. P. Ner^rton, Groundruater of the Middle peninsula, virglnia, [state
Water Control Board Planning Bulletin 305 (L977)1. en excettent regional
study which proved useful is Brornm, p. M. et al , structural and Strati-
graphig Framework and Spatial oistribution o! perrneabiliiy of the Atlanric
coastal P1ain, North carolina to Neg york. u.s. Geological survey Froi
fessional Paper 796 (L972).

Water Well Numbering System

Each water well completion report acquired by the State Water Control
Board receives a special number. The first three digits refer to Ehe
particular county or ci-ty in which the well is located. The numbers
frorn 100 to 199 represent in alphabetical order, the counties in Virginia;
and the numbers frorn 200 to 237 represent cities and incorporated towns.
The remaining digits in the eompletion report number are for the partic-
ular well in the county, city or tor{rn. For example, well number 143-318
denotes the 318th recorded well in county 143 (Henrico).
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CHAPTER II

PHYSICAL SETTING

Physiography

Henrico county contains land in both the Piedmont and coastal
Plain Physiographlc Provinces of Virginia. The western portion of
the county lies in the Piednont Province. This province is generally
characterized by gently rolling hills which are underlain by igneous
and metamorphic rocks such as granite, gneiss and schist. The
Piedmont portion also contains the Triassic Basin Subprovince.
Although theories vary on the former extent and sequence of form-
ation of these basins, it is generally agreed that they take the
form of gently folded and faulted grabens and half grabens eontain-
ing conglomerate, shale, sandstone, and coal measures deposited in
shallow basins during the Triassic Period, 235 to 195 nillion years
before present (uvnr). The Richmond Triassic Basin outcrops at the
extreme western edge of Henrico county. Elevations above mean sea
l-evel (msl) in the Piedrnont portion of Henrico County range from about
30 r'.eters (100 feet) in drainageways near the Fa1l Zone to slightly
above 91 meters (300 feet) in the west-central part of the county. (Fig. 3)

The eastern portion of the county lies in the Coastal Plain
Province. Coastal Plain geology is characLerized by beds of uncon*
solidated sediments such as clay, sand and gravel that increase in
thickness as they gently dip to the east. To the rnrest these beds
generally thin and terminate at the Fal1 Zone. The nearly-flat
topography and unconsolidated sediments of the Coastal Plain have
caused the streams and rivers in the area to meander. Elevations
above mean sea level (msl) in this area range from 3 meters (10 feet)
in the easternmost drainager^rays to 45 meters (150 feet) near the
Piedmont rock outcrops at the Fall Zone. (Figure 3)

The Piedrnont and Coastal Plain Provinces are separated by the
Fall Zone, whieh extends in a north-south direction through the central
portion of the study area. The Fall Zone is the area along the eastern
margin cf the Piedmont where stream gradients steepen as the streams
pass from the resistant crystalline rocks of the Piedmont to the easily-
eroded unconsolidated sedirnents of the Coastal ?lain. East of the Fal1
Zone the eastward dipping crystalline basement rocks are overl-ain by
an lncreaslng thickness of Coastal Plain sediments. (Figure 4)

Land Use

For planning purposes, land use areas have been divided into
actl"ve and passive categories. Of the acti-ve eategories, it was estimated
In L974 that single fanily dwellings accounted for the great,est percentage
of acttvely us.ed land (L3.311 of the total land area)" Moreover, this
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category showed the highest rate of increase followed by the multi-family category. Thls fact, when coupled with figures predicting
continued population growth, indicates an increasin$ demand will beplaeed on ground water resources as additional water supplies are
needed to service new homes. rn 1974 the other "activeit uses rankedas follows: public, heavy industrial, seml-public, comrercial
service, multi-faurily residenti-al, light industrial, and office.of the 38'o42 hectares (94r000 acres) zoned for agricultural use,only about LO% was actually in use.

Passive land use includes that Lz7; of the county which can only
be developed for recreation and that 647. of the Land not considered
prime vacant. Development of the prime vacant land will place future
demands on r^rater supplies.

Surface Hydrology

Henrico county is located iin the James River Basin.t Drainage is
eastward toward the Chesapeake Bay, with the James and the Chickahoniny
Rivers draining the county in equal proportions. some of t.he major
streams in the county include: Upham Brook, North Run, Tuckahoe Creek,
whiteoak swamp creek, Four Mile creek, Deep Run, cornelius creek, Brook
Run and Rocky Branch.

Climate and Soils

The clirnate is temperate in Henrico county with cold, but not
severe, winters and moderaLely r^rarm sunmers. The usual range for
winter temperatures is from -2"c to 10"c (29.F to 50.F). The usual
range for summer temperatures is from lg"c to 31"c (65.F to g70F).
Precipitation averages 1.11 meters (44.2 inches) per year. Droughts
and flooding are fairly cormon in Henrico County, with the major
floods being caused by hurricane activity. Temperature and preci_pi-
tation data are given in Tabl_e 1.

The soils of Henrico CounLy have been described in a publication
entitled soil survey of Henri-co county, virginia (1975) by the united
StaLes Department of Agriculture Soil Conservation Service, i-n cooperi
ation with Virginia Polytechnic rnstitute and state university. The
soil survey identified one hundred eleven soil types in the county.
(Figure 5) Generally, soils are derived from weathering of the under-
lying parent material. Therefore, the soils overlying the crystalline
Piedmont rocks differ markedly from those found in the Coastal plain
portion of the county.
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CHAPTER III

GEOLOGY

Regional Geologic Setting

Henrlco County encompasses portions of both the Piedmont and the
Coastal Plain Physiographic Provinces. The Fa1l Zone marks the inter-
face between the outcrop area of the eroding crystalline rocks to
the west (Piedrnont) and the area where the crystalline rocks are over-
laln by relatively flat-lying marine and near-shore deposits to the
east (Coastal Plain).

These two provinces, as well as three other physiographic provinces
to the west (Blue Ridge, valley and Ridge, and Appalachian plateau)r are
Present along the eastern United States from New York to Alabama. The
present arrangement of the rocks in the Piedmont has been attributed to
a geologic event known as the Appalachian Orogenie Revolution (Silurian
to Permian Periods, 435 to 285 MyBp) (Table rr ). During this mountain
buildtng event the already metamorphosed sediments which had been depos-
ited in what is now the Piedrrcnt were further altered (Bobyarchick and
Glover, L979).

The Appalachian Orogenic Revolution may be expl-ained by the theory
of plate tectonics. Thls theory, based on seismic, geologic, geonagnetic,
paleontologic, heat flow and geographic data, proposes that continents
are composed of a relatively rigid material which floats upon a denser
but more fluid material at depth. Movement of this denser urore fluid
material through long periods of time has caused continental movement.
Oceans have been created by continents rnlgrating away from each other.
I.fountains have been formed bv continental collisions.

It has been proposed that at the beginning of the Paleozoic Era
(570 MYBP) the Atlantic Ocean began to open up as the North Ameriean Plate
and the European Plate migrated away from each other. During this period
sediments were deposited along the eastern margin of the North American
Plate. By the end of the Ordovlcian Period (435 I'{YBP) the Atlantic
began to close, a process which continued through the Devonian Period
(405 to 350 MYBP). The compressive forces generated when the North
Amerl-can and European Plates came together folded Lhe acctrmulated sediments
along the continental shelf and rise. This mountain building was accom-
panied by volcanism and magmatic intrusion (Press and 51svsr, L974).
The compressive forces continued during the Late Paleozoic Era while the
continents remalned together. It is thought that the Piedmont rocks to
the west of the area of this study reached their present state of meta-
morphism at that tirne (Bobyarchick and Glover, L979). These western
Piedmont rocks are believed to represent either the cores of mountains
long since eroded (Press and Siever, 1974) or the remnants of a "micro-
continent" which was thrust westward from a point in the Atlantic during
the Early Paleozoic Era (Harris and Bayer, L979).
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Table 2. Scale of Geologic Time
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