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INTRODUCTION 

The Lower Cre t aceous aquifer is the most extensive and 

most p roductive aqu i fer in the Virginia Coastal Plain . 

several industries and cities obtain their principal water 

supplies from this aquifer . Other cities use it as a stand­

by supply in case of drought. 

The largest withdrawals of water from the Lower cretaceous 

aquifer are made in the Franklin area of southeastern Virginia . 

Because of its importance, the aquifer in the Franklin area 

is the subjec t o f a cooperative study by the u . S. Geological 

Survey and the Virginia State Water Control Board. 'l'he study 

has resulted in two reports on th e aquifer in the Franklin 

area; Brown and Cosner {1974) presented the geology and 

ground-water hydrology o f the Lower Cretaceous aquifer in 

the Franklin area, and Cosner (197 5 ) described the development 

and the verification of a computer model of the aquifer in 

the Franklin area. As part of this s t udy, annual synoptic 

water-level measurements have been made since 1970 in wells 

tapping the Lower Cretaceous aquifer in the Franklin area. 

These measurements are presented as water-level contour maps 

in the above-mentioned reports through December 1972. The 

purpose of this report is to rna~e available the maps of 

simulated and measured water levels for the period 1973-1974. 

Included in the report are the we L l da t a and water-level 

measurements that were used to produce these maps. 

I n addition to the above-mentioned purpose, it is 

necessary to check the computer mode l periodically to see 

thut its predicted water levels are reasonably close to the 

measured ones for a given ti~e period . so, another purpose 

of this report is . to compare the simulated water-level 

contour maps generated by the computer with the actual 

water-level contoured maps :Oased on measured water leve ls. 
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RESUME OF GEOLOGY AND HYDROLOGY 

The model area is entirely within the Coastal P l ain of 

Virginia and North Carolina. (See l ocation map.) Th e area 

1.s underlain by unconsolidated sedlments t..hat.. rest. on a 

massive body of hard rock called the basement complex. The 

Lower Cretaceous sediments, which constitute the aquifer of 

t his s t udy, are confined below by the basement complex and 

above by younger sediments. The aquifer forms a wedge that 

deepens and thickens from west to east; its th ickne ss at 

Frankl i n is about 600 ft (180 m); a t ~orfolk abou t 2,600 ft 

(792 m). 

It is composed o:E interbedded c lay sandy clay, and sand. 

Plant remains and variega t ed clay are common. Individual 

sand and clay beds are commonly not more than 40 ft (12 m) 

thick but may be as thick as 100 ft (30 m) . The thick sand 

beds are the ma,jor water-bearing units. 

Precipitation i s the source of all fresh ground water 

in the coastal Plain. A part of the precipitation that 

soaks into the ground recharges the aquifers. A small amount 

of the recharge to the Lower Cretaceous aquifer occurs directly 

on t he outcrops along the ral l Line, but, as these outcrops 

are of small areal extent, most of t h e recha}'."ge is by downward 

percolation from shallower ground-water bodies thut overlie 

the Lower Cretaceous aquifer. Lateral ground-water flow 

through the wec.thered and fractured zone of -the ::J;1sement r oc:ks 

that underlie the aquifer muy contribute a small amo unt of 

recharge, but it is ins ignificant compured to l eakage from 

the upper aqui'fers . 

Prior to the withdrawal of ground-water the fOtentio­

rnetric surface in the Lower Cretaceous aquifer had a contin­

uously decreasing gradient from the Fall Line eastward to 

the sea. Before ground-water withdrawal, water moved down­

gradient to a pJint where the static heaC in the aquifer 

b ecame greater than the head in the overlying aqc1ifers. 

From this point eastward, water also moved upward through 

the semipermeable confining beds into the overlying .aquifers 

and eventually discharged at land surface. The average 

recharge was ba l anced by this natural discharge. 

Ground-water withdrawal at Franklin disturbed this 

dynamic equilibr i um and lowered the potentiometric surface 

of the Lower Cretaceous aquifer below the heads of the upper 

aquifers. At that t.ime the upward movement of water from 

the Lower Cretaceous aquifer ceased, and water fro m the U?per 

aqu i fers began moving downward to recharge the Lower Cr etaceous 

aquifer. The cone of depression created by ground-water 

withdrawal in the Franklin area extends over an area in 

excess of 5000 mi2 (12,95 0 km2 J and has caused all ground­

·water flow within this area to be diverted toward this 

center. of pumping. 

As shown by the water-level maps, the gradient of the 

potentiometric surface is gent l e t'o the east of Franklin and 

steeper t o t he west. This difference in steepness is caused 

mainly by an eastward increase in thickness and in trans­

missivit.y of the aquifer. Transmissivity increases in 

approximate proportion to the increase in t h ickness for a 

few miles e~st of Franklin then remains fairly constant 

for about 20 to 30 mi (32 to 48 km) to the east, to the 

vicinity of Suffolk, Va. From Suffolk eastward the trans­

missivity probably decreases gradually to the edge of the 

Continental Shelf due to a change in character of the Lower 

Cretaceous sediments from alluvia l fi l l to marine deposits. 

Although no data are avai l able from offshore, it is probable 

that a complete gradation from very coarse terrestial 

sediments to fine-grained marine sediments occurs within the 

Lower Cretaceous from th e Fall Line to the e<lge of the 

Continental Shelf. 

PUMPAGE 

Two significant changes in pumpage occur r ed between 

December 1972 and December 1974. The city of Norfolk wells 

at Lake Prince were pumped for about 1 0 weeks in the fall of 

19i3, and t he Union Camp Corporation a t Franklin shut down 

most of its wells for a mon t h in July and August of 1974. 

The prorated withdrawal rates, along with the corresponding 

dates used to make the three model runs, are given in the 

table of pumpage. 

HYDROGRAPHS -1'\.ND POTENTIOMETRIC MAPS 

Hydrographs of simulated and measured water levels in 

three observation wells for January 1940 through Novembe r 

1974 are shown . The maps of the measured potentiometric 

surfaces on sheets 3, 4, and 5 are from water-level measure-

men ts made in selected wells , The locations and the numbers 

of these wells are shown on the well-locat i on map, and t he 

water levels and other well data arc given in the well t able 

(sheet 2) . 

The water-level data in t he we l l table gives the altitude 

of the potent i ometric surface at t he well. ~he altitude 

of l a nd surface at each well site was determined from 7- 1/2-

minute topographic maps with a conto~1r inter.va l of 10 fe et. 

The maximum error i n altitude should not exceed 10 ft, and 

the average error is probably less than 5 ft. From this it 

can be seen t)1at some mismatching of contours between simulated 

and measured surfaces co 1.1 ld be caused by t he error in the 

determination of land-surface altitude at t he ·well, However, 

this error is within the degree of accuracy expected from 

the simulated maps and is no t considered to be a problem at 

t h is t i me. 

MODEL SIMULATIONS 

The period December 1972 to December 1974 was divided 

into three pumping cyc l es. The factor that dictated the 

choice of pumping cycles was the t ime at which synoptic 

water-level measurements were made in the area. The simulated 

and measured maps conform to these times. They are December 

1973, August 13, 1974, and December 1974. 

The simulated maps for each of these times check well 

with the measured maps for each r espec t ive time, indicating 

that the model i s simulating hydrologic conditions satis­

factori l y. I t is possible that in years to come the simulated 

maps may not compare as closely to t he measured maps. It 

will then be necessary to make some adjustments in the model 

in order to achieve a closer comparison, but for the presen t 

the model seems adequate. 
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FACTORS FOR CONVERTING ENGLISH UNITS TO INTERNAT IONAL SYSTEM (SI) UN I TS 

Multiply English Units 

feet (ft) 
miles (mi) 
gallons (gal) 
cubic feet per seccnd (cfs) 

By 

0.3048 
l. 609 
3.785 

28.32 

To obtain SI Units 

metres (ml 
kilometres (km) 
litres (1) 
litres per second (1/s) 

PRORATED WITHDRAWAL RATES, IN CUBIC FEET PER SECOND, FOR PUMPING PER !ODS 
USED IN THE LOWER CRETACEOUS AQUIFER MODEL 10 _., 
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Model Run 4 Model Run 5 

December 1972 December 1973 

Pumping Center 
December 1973 August 1974 

XI I XIII XIV xv XVI 
Fro IT' 12-1-72 9-18-73 11-1-73 12-1-73 7-22-74 

-
To 9-18-73 11-1-73 12-1-73 7-22-74 8-13-74 

City of Norfolk (Loke Prince Wells) 5.85 

Hercules, Inc. 8.85 8.85 8.85 8.85 8.85 

Wakefield .15 .15 .15 .15 .15 

Waverly .23 .23 .23 . 23 .23 

Smithfield 5.00 5.00 5.00 5.00 5.00 

Chesopeoke Corp. West Point 25.00 25.00 25.00 25.00 25.00 

Dow-Badische neor Williamsburg 9.44 9.44 9.44 9.44 9.44 

Adjacent lo Jomes River_!; 4.65 4.65 4.65 4.65 4,65 

Boykins .69 .69 .69 .69 .69 

Cou rtl on d .23 .23 ,23 .23 ,23 

Franklin 1.64 1.64 1.64 1.64 1.64 

Wi l liomsburg 2.00 2.00 2.00 2.00 2.00 

Union Comp Corp. Franklin 54.48 54.58 54.48 55.70 8.92 
76°30 1 76° 

J/ Eslirnoted. 

Model Run 6 
August 1974 

December 1974 

XVII XVIII 
-~ 

8-13-74 8-23-74 

8-23-74 12-7-74 

8.85 8.85 

.15 .15 

.23 . 23 

5.00 5.00 

25.00 25.00 

9.44 9.44 

4.65 4.65 

.69 .69 

.23 .23 

1.64 1.64 

2.00 2.00 

8.92 57. 28 
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EXPLANATION 

Measured water level . 

Simu lated water level with historical pumpage to Dec. 1974. 

...J 
w 
> w 
...J 

z 

LOCATION MAP, FRANKLIN MODEL AREA, SOUTHEASTERN VIRGINIA HYDROGRAPHS OF MEASURED AND SIMULATED WATER LEVELS OF THREE WELLS, SOUTHEASTERN VIRGINIA 1940-74. 

l'v1EASUREI) ANI) Sil\1lJLATED (;RQUNIJ-\tVATER LEVELS IN THE FRANKLIN AREA, SOUTHEASTERN VIRGINIA, 1973-74, 
by 

01 iver J. Cosner 

1976 

Cartography by C.J. Blankenship 


