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Purpose and Scope of the water resources. Available - ¢ ﬁL——-———/{\\f/ J<\ e s WP - : VN \ ¥ e
. -ty \ e information was compiled and analyzed, > / & AN 2 O\

Prince William Forest Park 1is in the and new data on streamflow, ground-water iy /' N WA T
southern part of Prince William County, levels, and the chemical and biological < ) AV TR N\
Va. 1Its natural beauty and nearness to quality of water were collected. Test ‘oY S, Y AL \ v
Washington, D.C. have made it one of the wells were drilled, and aquifer tests \ e . - d < :
r‘?qst.pgpularlrecggaglon atr'eas in northern were made at well sites to evaluate the FAUQUIER e ¢

irginia. n addition to many miles of o r ; i 114 S = =Y
foot trails, the U.S. National Park wgi:i ??xc:heaggrkfvallablllty " P (/ e A : S / o |
Service has provided campgrounds, cabin | eE— g SV A N
camps, picnic areas, and a nature museum, Acknowledgments A d (@
all of which require potable water ’ A" 7 |
supplies. // \ /’ :

This study was made by the Geological i r \\/ CENAEL uantico .

To help the Park Service plan the Survey 1in cooperation with the National e / L ( o 10(
development of new facilities and Park Service. The cooperation and help F~1’ } mabison ) ‘
effectively manage the park's total re- of Park Service personnel at Prince /7 3 > ’ |
sources, the U.S. Geological Survey made William Forest Park are deeply appreci- ( (
a hydrologic study of the park from ated. E. H. Nuckels and E. M. Miller, [ )

October 1972 to November 1975. The the author's colleagues at the Geological P 9
overall objective of the Survey's study Survey, contributed significantly to s AR
was to evaluate the quantity and quality the surface-water section of the report. \\\4/ . 0
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DESCRIPTION OF THE AREA = N[
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Location and Extent of the Area annual precipitation at the Marine Corps - i 1 ~ : N1 37730
Air Station at Quantico (about 5 miles AL |

Prince William Forest Park is about 30 southeast of the park) was 36.49 inches
miles southwest of Washington, D.C., and and the average annual temperature was y
20 miles north of Fredericksburg, Va. 56 .5°F (13.69C).- |
(figs. 1 and 2). The park includes s | =
17,348 acres. The main part, about Geologic Setting stk ? T 10, IZ'OMILE P "\ ;

13,000 acres, is bounded on the east by .y ¥ F e \ (/\
Interstate 95, on the south and west by Prince William Forest Park straddles ‘ ;
State Highway 619, and on the north by the Fall Line, which is the boundary p— : 4 j : — ' % -
State Highway 234. The remainder is an between the Piedmont province to the west - | ‘ . ' ; i
isolated area south of State Highway 619 and the Coastal Plain province to the b . | - : 3 ; : . !
on the north side of Chopawamsic Creek east. The cross-section A-A'(fig. U4) _— - £ : % & - J — i/
and Breckenridge Reservoir. shows the relation between the various I 7 o . /’ - 1 Wisise Vs | — ) ™ s d 2

geologic units. The western three- r e : 0O\ b ;:7/ N o, : ' Al ) , M\ 3 °

Surface Features and Drainage fourths 1lies in the Piedmont and is Fi p—— : . . . 5 4 ( S | ) (% L
. underlain by nearly vertically standing igure 1. mﬂ?ixa:ar_!:)rz;tnggnem Virginia showing location of Prince - s / D & -\ ‘ \ : | 8¢ 2NN - \

The land surface 1is generally a gneiss, schist, and phyllite beds of late " ] N/ b \\ & : : ' ML \ 7 (o . \
southeastward-sloping plain well dis- Precambrian to early Paleozoic age. To 51 ¥ ' o i
sected by streams. Quantico Creek and the east, the bedrock is younger and con- ' 4 \ 8 ZAal . V. : l
South Fork Quantico Creek are the major sists of schist and greenstone of early S I | Wissahi : P SN If (& : 4 )
streams. The park lies entirely within Paleozoic age. Along the eastern boun- P 4 - S 7 4% s 4, Q \ N
the Quantico Creek basin except for two dary, the Quantico Formation of Late / 2"y " F ] \ 7 i
small areas, one of which drains to Ordovician age, crops out along Quantico %6 9 \ “\\ ; 200 " ’ -
Little Creek and the other to Chopawamsic Creek. Much younger Coastal Plain sedi- 7 : 7 B \ S N3 03
Creek. Narrow ridgetops are separated by ments, consisting of clay, sand, and gra- " i T WL N
relatively steep-walled valleys. Near vel, unconformably overlie these 5 —e . 2 o iy a ~ | N e
Quantico and South Fork Quantico Creeks metamorphosed rocks in the eastern third T O = ANT™ " | WisSahi ' b ce : ) i
(fig. 2), the tributaries are in deep, of the park (fig. 2). These sediments ' 0 ' ' : ge X . '
steep-sided valleys, but near the are part of the Potomac Group of Early ® 4 e : 3 ] ' 30, ’ ’ ¢
headwaters, the valleys are wide, Cretaceous age. The sediments are pre- 5 > v / ' ' .- " - ‘ ../
shallow, and have gentle slopes. Little sent on the tops of ridges and hills, are z == 1 / pigk Pt - \ WA
of the land in the park is flat except thickest to the east, and pinch out west- z 3 g / / / 0\ o Qv o
along ridgetops and along the flood ward. The Coastal Plain sediments are z P / Z 50 ¥ -
plains of the Quantico Creeks. Total 125 feet thick at well 52S30. g > I " Y 5 N
relief is 364 feet, from the highest g2 ' & | T L) N R
point northwest of Oak Ridge Campground, According to Southwick, Reed, and Mixon a ! ; =/ 7 N
at an altitude of 394 feet, to the lowest (1971), the park lies on the northwest 2 : , & ! N / o A
points in the bed of Quantico Creek near limb of the Quantico syncline. Bedding £, B " 9 ’ P N { \ i '

Interstate 95, which are about 30 feet in the metamorphic rocks strikes )/ n‘ . ( / \ \ i ) 7
above sea level. N.250-350E; dips generally are vertical - , 1 A / " : L
but range from 30°NW to 559SE (Mixon, 0 / sta N ; ” \ | .
Climate Southwick, and Reed, 1972). The rocks JFMAMUJU J A S OND ¢ 2 AW on! ' O { {\\ : D
have a strong plane of schistosit or. . . —— L aa® / A a2 I

Precipitation is well distributed Folimtion Shek Iy pesalisi o mwerls S N S— . T vt . b kb X =4 , - N )
throughout the year (fig. 3); however, parallel to the bedding. A prominent A i 35” - X Aot , / ) 35’
August is generally the wettest month and joint set strikes northwest. The planes ; W &y / 7 N o A N 2 ‘ | \

February the driest. Heavy rains that of schistosity and jointing have a strong J , i i ’ 3 i 7 : : ! -
cause flooding somet imes accompany influence on the topography and thus on ; V. 7 186 ) S AWA HE v : A
tropical storms. During 1941-70, average the course of streams. . L & 4 " -~ j \ : - >, %
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The recreational and service facilities In general, the most favorable areas Springs ) ‘ A o % L ¥ /
are scattered throughout the park, and for developing ground-water supplies are ) "\D : 00—~ N '
each area or cluster of buildings has a where large water-filled fractures in the Springs and seeps are common throughout \ \S ; ,£===== === . b £ '
separate water supply. In 1976, 8 rock are overlain by a thick water.'- the park. They form the headwa.ter's of ; K = P, 0 [ g A — . L4
operating systems were supplied by 3 saturated weathered zone, Coa_tstal Plain many small streams and commonly discharge = e :’@ > ‘.‘.\.
springs and 12 drilled wells; the wells sediments, or both. A thick, well- at the contact between weathered and ) T}' L= R \ :
range in depth from 102 to 343 feet. The developed soil zone at the surf‘ace.heilps unweathered rock or between a sand layer ! G | \ )
locations of the wells, springs, and to retard runoff lindbcapture prfclglt;- ?nd an unde‘rIYir;gthItahyeilrayf?{éwssogﬁeoghggfx - | \ %\Q : ¥ : b

re shown in figure tion that eventually becomes part o e arger springs € , ‘ . f 474 O L AN S j
vzva.lter- IR T~ . ground-water body. Soil and weathered in figure 2. Three of the springs meg— h ﬂ;\% \\g\ J} \ g, 135 ‘/ @ .// :\ \:
bedrock zones are generally thickest on (51881, 51882, 52SSl1) are used for water 3803230". ; - wWIN'A Al D ;gbl = SV ' 38032'30"
Water Use gentle slopes, valley f‘logrsil, and br-oadl,( supplies. 7702;;382”mmus AR - 25° 22307 20’ 77019’
t upland surfaces tha ave no roc .S. 124, b i ' :

The amount of water used is related to gllicr-opps. However, weathered zones over- Yields of the springs are generally 5 Independent Hill, Va. 1966, Joplin, Va. 1966, — ) ;LE(}MOOO cans Geology adapted from Mixon, Southwick and Reed (1972).
the number of visitors. The number of lying the bedrock are generally less than gal/min or less; however, the combined Occoquan, Va. 1966 and Quantico, Va.-Md. 1966 p— T WS B WA WSS W WS | A
visitors increased from 24,000 in 1952 to 50 feet thick and locally only a few feet discharge of springs 51SS1 and 518S2 at e e —— L A,

176,000 in 1961, 425,000 in 1971, and thick. Rock outcrops are common. C(_)astal Camp 2 was 31 gal/min on June 8, 1973. EXPLANATION R Na— -
503,000 in 1975. Because the water Plain sediments are thickest, as thick as Springs that are now unused could prob- CONTOUR INTERVAL 20 FEET
spetems are mek metered, estimates of 130 feet, in high arsas in the ablg. bz- devteologﬁgviégdlgdiddiutailolnyal o;ati: DATUM IS NATIONAL GEODETIC VERTICAL DATUM OF 1929
” . ‘ ark. combination
N s e Dt @ WL e T —— supplies. The yield of springs varies WATER- QUALITY DIAGRAM WELLS SPRINGS GEOHYDROLOGIC SYMBOLS
graph in figure 5 shows monthly varia- Topography is an impor'tandt f':ctor to zeasgnally--é;eer?erallyndgr:aatteerstlt;r";nisAp;:é —4

i i isi ider in locatin round-water sup- o June, Ww ground-we ,
gggnsesltnimZOttehd tl;:tgl;mbuesr‘e .of‘Tg:rkngalpshlt?gi gigzgdin the Piedmont8 pagr't. Hilltops are highest, and lowest in October. Some E 1 Total hardness Dissolved solids (residue at 180°C) 6\ Observation well equipped with vv¢ Unused spring
water use includes water used Dby generally poor sites because the springs may be dry during part of the e (Ca, Mg as CaCos) (mg/L) : a water-level recorder
residents and employees of the park. weathered bedrock zone tends to be thin, year, especially in late summer and fall. —3 (mg/L) Depth of well P —— P p— Water tower

the water table deep, and rock fractures . E \ 168 i or test hole,in : : ® PP S——

A comparison was made between the few. Yet, for convenient access, most Observation Wells = 120 01 Nitrate as NOg3 (mg/L) ol Wissahickon Potomac X . g | .
yields of the wells and springs used for park facilities have been situated on T ) o 0-01\ _ _ 343 | Formation Group o e P ———
the respective water systems and antici- hills or along ridgetops. Broad valleys Water-level f‘luct.:ugtlons in three of > —2 — | Dissolved iron (mg/L) I ¢ F——— Y ———
pated future water needs. Assuming an underlain by thick sections of weathered the seven wells utilized for observation w ale 28|18 |1-9 v : —
amount for future need in each area that material or alluvium are good locations; during this study are shown along with 2 3 Bicarbonate Watsr level, in ot Vield, i galiens Yoo, i goMens o Well used for public-water supply #HO Gr yDuUNBEr and wWhich are mest
was 30 percent greater than the highest however, few such sites are present in monthly precipitation at Quantico 1in 5 - SDme ¢4 o G = abane = favorable for ground - water develop-
monthly water use for that area from 1971 Prince William Forest Park. figure 6. A r:ecor'der' was installed on 9 T . / p P inute —~0 Spring used for public-water supply —
to 1975, it was found that the present well 52S16 to give a continuous record of = Magnesium —M8 —— land surface
(1976) system of wells and springs should Well Yields the water level. Water-level meas- g - - Sulfate PTT—
be able to accomodate such needs. Even urements were made every U4 to 6 weeks in Sodium + Potassium —| | |————Chloride
if two-thirds of the total water demand Reported yields o(f‘ wells range f'r'?m the otitier' welhls. C{r'ound.-nwa:::.llzzglz -0 Spring number

i : "dry" to 40 gal/min allons per minute), generally reach a maximum 1 i
ggg:t-r-ed“?: wizlézr;d d:gsst:eriss ltshg;ﬁedraltg as yshown ig f‘igur'eg 2. Wegls in the minimum in October. Changes obsel:-ved.in Samples collected 1968-1975
adequate. Larger storage facilities in Coastal Plain generally have the highegt the seven wells _seem to be_ prlmarl}y
high-use areas would reduce the short- yields, averaging 18 gal/min. Those in seag,onal, reflecting changes in precipi- _ b . . -
term load on the supply wells and springs the Piedmont average 7 gal/min. Dr.illing tation and evapotranspiration. Figure 2. Map of Prince William Forest Park showing well and spring data, chemical analyses of ground-water, areas most favorable for ground-water development, and location of cross—-section A-A’.
at time of peak demand. records indieate thatththedwe11? 1nt thg
Coastal Plain tap weathered or fracture
zones in the underlying metamorphic rocks oWELL 5282
rather than the sediments themselves. 4
Although the sediments contain apprecia-

- ble amounts of sand and some gravel, the a 4 = A~ S A
z g 80 _ coarse layers are not extensive _and Q 6
o B contain much silt and clay. Such fine- % WELL 52516
8& 22 %rained mate:ial r(*ieduces per:::taflllt}:’;i;eigg 2 - g i
= ransmissivi an consequ J |
G g 40 of wells. The se’dimentsq are,y’however', 2 u / / P J A Test Drilling Quality of Ground Water
>2 30 : excellent aids to recharge; they store - 26 B, \
¥g precipitation and release it slowly to 2 2 Wil /l Five test wells were drilled. Wells Well 52530 was drilled near the top of From 1968 .to 1975, water samples were The ground water has a low concentra-
gg ™ ‘ the underlying weathered and fractured 2 el ™~/ \ 5187, 5189, and 5289, drilled in the a hill south of‘ Park Headquarters to de- collected from wells and springs that tion of dissolved solids and is of
o ; zones in the bedrock. Therefore, wells @ ; J AN Piedmont, were cased to the top of bed- termine the thickness and water-bearing furnish the park water supply, from excellent quality. Hardness of water

drilled in the Coastal Plain and cased 32 rock, left open in rock, and used as potential of the Coastal Plain sediments unused wells, and from the test wells samples from Piedmont rocks ranged from 6
through the sediments but left open in g ™ observation wells. Well 52830 in the that overlie bedrock in this part. Sap- drilled as part of this study. Analyses to 62 mg/L (mll.llgr'ams per liter),
the weathered and fractured zones of the z g WELL 52817 Coastal Plain was cased, screened, and rolite was reached at a depth of about of these samples are shown graphically in whereas hardness in the Coastal Plain
bedrock are much more likely to have high g eventually put into service as a public 125 feet and schist at about 145 feet. figure 2. The length of the bars on the samples was 73 to 150 mg/L. The Piedmont

2.0 yields than wells in the Piedmont. The s = supply well. The fifth well (5188) was Before further drilling, screens were graphs indicates concentration of major wells and_ springs had dissolved-solids
w g topographic location of a well in the w42 ~ \\ 7 backfilled because of poor yield. Wells installed opposite two water-bearing constituents in milliequivalents per concentrations that ranged from 26 to 133
53 Coastal Plain is not as critical as it is T 44 By e 7 N / 5187 and 52S30 yielded enough water to sandbeds. The yield of the well at this liter. Relative percentages of the mg/L; specific conductance averaged 150
. in the Piedmont. £ a6 S A ™~ N permit the running of 24-hour constant- time was 1 to 2 gal/min. During further constituents can be seen by comparing micromhos. In the Coastal Plain samples,
ﬁg | P e | T Y St rate yield tests. Pertinent data for the drilling in the rock to a tgepth of 310 lengths of the individual bars. g;z;ol‘iel%-s%loldsz%cogc;rﬁtrataln%ns spgacrilg?g
2,10 test wells are included in figure 2. feet, a calcite layer and a fracture zone »

- 8 |- were found, which increased the yield of conductance averaged 218 micromhos.
:’t'g & 12 Test drilling in the Piedmont part the well to about 12 gal/min. Such data
z §0'5 Eﬂ 8 i H | (' confirmed the hypothesis that water is indicate that the sand layers in the
gz E§ 4 = found primarily in fractures in the r'ocl»c:j Coastal Phlain sediments miay be too silig

= ol . b e T o i : some of which are lined with calcite, an to have high permeabilities or to yie
1971 1972 1972 1974 1975 gg SOND|JFMAMJ J ASONBIJF MAMJ ) ASONBIJFMAMJJASOND in fractured veins and lenses of quartz. large amounts of water to wells.
R~y gy o Jmr et o s G AF N Gaeees Bis w8 prid rve s uml Swete &F Bolhergs B Ve
he park and estimated monthly total water i ‘ ; i ; ; ; zone on top o . '
:ls: ?n the park. r— - " ?vri?ﬁ:,:h:g:;:? ;:‘ar:(era::’ve';s;eg:p?;s;?;:atautono‘\:;enl:isc;n P—" appreciable amounts of water to the test fracture systems in the underlying
. wells. bedrock.
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