
RECONNAIS 
INVESTIGAT 
DEFENSE WA E PROCESSING 
AND VICINITY, SAVANNAH RIVE 

3330 

-4 - 

U.S. GEOLOGICAL SURVEY 
Water-Resources Investigations Report 88-4221 

w 

Prepared in cooperation with the 
U.S. DEPARTMENT OF ENERGY 

DISTRIBUTION OF THIS DOCUMENT IS UNLIMITED 



CONVERSION FACTORS AND ABBREVIATIONS OF UNITS 

The inch-pound uni ts  used i n  t h i s  report may be converted t o  metric 
( I n t e r n a t i o n a l  System) units by the following f ac to r s :  
Mul t ip ly  inch-pound un i t  

inch (in.) 
foot  (ft) 
m i l e  ( m i )  

square inch ( i n2 )  
square f o o t  ( f t2) 
square mi le  ( m i 2 )  
acre 

gal lon (gal) 
cubic foot  (ft3> 
gal lon ( g a l j  
cubic foo t  (ft3) 

cubic foo t  per second ( f t3 /s )  

pound, avoirdupois ( lb )  

By To obtain metric u n i t  

Length 

25.4 m i  U imeter  (mm) 
0.3048 meter (m) 
1 . a 9  kilometer (km) 

Area - 
645.2 square mi l l imeter  (mm2 ) 

0.0929 square meter (m2) 
2.590 square kilometer (km2) 
0.4047 hectare ( ha2) 

Volume 

3785 cubic centimeter (an3) 
0.02832 cubic meter (m3) 
3.785 l i t e r  (L) 

28.57 l i t e r  (L) 

Flow - 
0.02832 cubic meter per second 

(m3/s) 
Mass - 

Hydraulic conductivi ty 

foot  per second (ft /s) 30.48 centimeter per second (cm/s) 

Datun 

Sea Level: I n  t h i s  report "sea level"  re fe rs  t o  the National Geodetic 
Ver t i ca l  Datum o f  1929 (NGVD o f  1929)--a geodetic datun derived from a 
general adjustment o f  the f i rs t -order  l e v e l  nets o f  both the Lhited States 
and Canada, formerly cal led "Sea Level Datum o f  1929.'' 

Solute concentrations and water temperatures are given i n  metric 
t n i t s .  
micrograms per l i t e r  (pg/L). Mil l igrams per l i t e r  i s  a unit  expressing the 
concentration o f  chemical consti tuents i n  solut ion as weight (milligrams) o f  
solute per u n i t  volume ( l i t e r )  o f  water. One thousand micrograms per l i t e r  
i s  equivalent t o  1 mil l igram per l i t e r .  For concentrations less than 7,000 
mg/L, the n m e r i c a l  value i s  about the same as f o r  concentrations i n  parts 
per m i l l i o n .  

Solute concentrations are given i n  mil l igrams per l i t e r  (mg/L) or 
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RECONNAISSANCE HYDROGEOLOGIC INVES 

DEFENSE WASTE PROCESSING F A C I  L I T Y  

SAVANNAH RIVER PLANT, SOUTH 

IGATION OF THE 

AND V I C I N I T Y ,  

CAR0 LIN A 

By Kevin F. Dennehy, David C. Prowell ,  and Peter B. McMahon 

ABSTRACT 

This r e p o r t  presents  the  data and r e s u l t s  o f  a two-year hydrogeologic 
i n v e s t i g a t i o n  o f  the,Defense Waste Processing F a c i l i t y  and v i c i n i t y  a t  the  
Department o f  Energy s Savannah River  P l a n t  i n  South Caro l ina.  
Waste Processing F a c i l i t y  (S Area) w i l l  process h igh - leve l  r a d i o a c t i v e  waste 
i n t o  an immobil ized s t a t e  and r e t a i n  i t  on-s i te  u n t i l  a n a t i o n a l  respos i to ry  
i s  a v a i l a b l e  f o r  f i n a l  storage. 
the  p o t e n t i a l  f o r  movement o f  poss ib le  s p i l l s  o f  a by-product o f  the  
produc t ion  of defense nuc lear  mater ia ls ,  a concentrated s a l t - s o l u t i o n  waste. 
The 
Waste Processing F a c i l i t y  (Z Area). 

The Defense 

The r e p o r t  a l so  inc ludes  an eva lua t ion  o f  

s a l t  waste i s  t o  be s o l i d i f i e d  and permanently s to red  near the  Defense 

A geolog ic  framework was developed f o r  sediments o f  T e r t i a r y  and 
younger age; i n c l u d i n g  t h e  E l len ton ,  Congaree, and McBean Formations, the  
Barnwel l  Group, the  upland unit ,  and co l luv iun /a l luv iun .  Resul ts  i nc lude  
the i d e n t i f i c a t i o n  o f  a calcareous zone near the base o f  the  McBean 
Formation i n  the area east  o f  F area. I n  add i t i on ,  the  green c l a y  o f  t h e  
McBean Formation seems t o  be continuous over the study area, whereas the t a n  
c lay  o f  the  Barnwel l  Group i s  absent nor theas t  o f  t he  Defense Waste 
Processing F a c i l i t y .  The green and tan  c lays  range i n  th ickness from 2 t o  6 
fee t  and 0 t o  10 fee t ,  respec t i ve l y .  

The hydrogeologic framework o f  t he  study area cons is ts  o f  2 t o  3 
separate water-bearing un i t s .  
Barnwel l  and McBean aqu i fe rs  are considered t o  be one a q u i f e r  owing t o  the  
absence o f  the  t a n  c lay.  
i n  the southern h a l f  by t h e  tan  c lay.  
separated from them by t h e  green c lay ,  i s  the  Congaree #quifer., The 
hyd rau l i c  c o n d u c t i v i t i e s  o f  t he  aqu i fe rs  range frum 10- t o  10- feet  per  
second. Depth t o  water v a r i e s  from 60 f e e t  a t  the  center  o f  t he  study area 
t o  25 f e e t  i n  the  southwestern par t .  D i rec t i ons  of ground-water f low i n  the  
Barnwel l  and McBean aqu i fe rs  are genera l l y  t o  the  nor th ,  with a component o f  
f low d i r e c t e d  downward across the  green c lay  and i n t o  the  Congaree aqu i fe r .  
P a r t  o f  t he  f low i n  the Barnwel l  and McBean aqu i fe rs  i s  i n te rcep ted  by l o c a l  
streams which downcut i n t o  these aqui fers .  
the d i r e c t i o n  o f  f low i n  the Congaree aqu i fe r  seems t o  be t o  the  northwest. 
A t  l e a s t  p a r t  o f  t he  f low i n  the  Congaree aqu i fe r  discharges i n t o  Upper 
Three Runs stream northwest o f  the  study area. 

I n  the nor thern  h a l f  of t he  study area t h e  

I n  cont ras t ,  they are separated i n t o  two a q u i f e r s  
V lde r l y ing  these aqu i fe rs ,  and 

On the  bas i s  o f  l i m i t e d  data, 

Water samples c o l l e c t e d  from the  Barnwell-McBean and Congaree aqu i fe rs  
i n d i c a t e  water i n  these aqu i fe rs  can be c l a s s i f i e d  as: 1) a c i d i c  

1 
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mixed-cation type (upper Barnwell-McBean) ; 2) alkaline calcium-bicarbonate 
type (lower Barnwell-McBean and Congaree); and 3)  a water in termediate 
between the  prev ious  two types (upper Barnwell-McBean). Chemical changes i n  
water r e f l e c t  the  i n f l uence  o f  reac t i ons  between sediment and water as water 
moves from the  upper p a r t  o f  the  Barnwell-McBean aqu i fe r ,  t o  the  lower 
Barnwell-McBean aqu i fe r ,  and t o  the  Congaree aqu i fe r .  

Laboratory column experiments conducted t o  examine the  p o t e n t i a l  f o r  
movement o f  a s imulated s a l t - s o l u t i o n  i n  sediments from t h e  Barnwell  Group 
i n d i c a t e  chemical reac t i ons  between the s o l u t i o n  and sediment caused sediment 
pe rmeab i l i t i es  t o  decrease 90 t o  95 percent. 
re lease o f  s a l t  s o l u t i o n  t o  sediments o f  t h e  Barnwel l  Group would move more 
s lowly  than would be expected based on p r e - s p i l l  measurements o f  hyd rau l i c  
conduc t i v i t y .  

These r e s u l t s  suggest a 

INTRODUCTION 

The Savannah River  P l a n t  (SRP), a Department o f  Energy (WE) f a c i l i t y  
t h a t  produces nuc lear  m a t e r i a l s  for  n a t i o n a l  defense, i s  l oca ted  a long the  
Savannah River  approximately 60 m i  southwest of Colunbia, South Caro l ina 
and about 95 m i  i n l a n d  from the A t l a n t i c  Ocean. 
p a r t s  o f  Aiken, Barnwell ,  and Al lendale Counties i n  southwestern South 
Caro l ina  near the  Georgia border ( f i g .  1). 

The Defense Waste Processing F a c i l i t y  (DWPF), loca ted  near the  
geographic center  o f  t he  SRP, p lans  t o  process for  permanent storage, 
h igh - leve l  r a d i o a c t i v e  waste t h a t  has accumulated over 30 years from the  
produc t ion  o f  defense nuc lear  mater ia ls .  The DWPF i s  c u r r e n t l y  under 
cons t ruc t i on  (1987) a t  what i s  known as S Area, a t r a c t  o f  approximately 75 
acres loca ted  adjacent  t o  the  H Area separat ion f a c i l i t y  ( f i g .  2). H Area 
conta ins one o f  the  chemical separat ion f a c i l i t i e s  t h a t  processes 
r e a c t o r - i r r a d i a t e d  ma te r ia l .  Waste generated by t h e  separat ion f a c i l i t i e s  
c u r r e n t l y  i s  be ing s to red  on-s i te  as a concentrated l i q u i d  i n  l a r g e  
carbon-steel tanks. s to red  i n  the  tanks w i l l  be separated i n t o  
two forms: 
con ta in ing  l ow- leve l  r a d i o a c t i v i t y .  
t ranspor ted through a p i p e l i n e  t o  the  v i t r i f i c a t i o n  f a c i l i t y  a t  the  DWPF (S 
Area), where i t  w i l l  be eventua l l y  mixed i n t o  a molten, b o r o s i l i c a t e  g lass 
mat r ix .  The molten g lass w i l l  be poured i n t o  s ta in less -s tee l  can is te rs ,  and 
once the  g lass  has s o l i d i f i e d ,  these can is te rs  w i l l  be welded shut. 
rad ioac t i ve  waste w i l l  be re ta ined  i n  t h i s  immobil ized s t a t e  on-s i te  u n t i l  a 
n a t i o n a l  respos i to ry  f o r  h igh - leve l  r a d i o a c t i v e  waste i s  a v a i l a b l e  f o r  f i n a l  
storage. 
separate p i p e l i n e  t o  a d i sposa l  f a c i l i t y  known as Z Area, a s i t e  o f  
approximately 200 acres loca ted  n o r t h  o f  S Area ( f i g .  2). Current  p lans  are  
t o  mix t h e  s a l t  s o l u t i o n  wi th  a pu lver ized  furnace s lag  and concrete before 
pour ing  the  m ix tu re  i n t o  near-surface concrete v a u l t s  a t  Z Area. The 
r e s u l t a n t  mix ture,  known as sa l ts tone,  w i l l  be s o l i d i f i e d  and permanently 
s to red  i n  these vau l ts .  

I t  occupies 300 m i 2  i n  

The waste 
a h igh - leve l  r a d i o a c t i v e  sludge and a concentrated s a l t  s o l u t i o n  

The sludge component w i l l  be 

The 

The concentrated s a l t  s o l u t i o n  w i l l  be t ranspor ted through a 

I n  September 1984 t h e  U.S. Geologica l  Survey entered i n t o  an agreement 
with the  Department of Energy t o  conduct a reconnaissance i n v e s t i g a t i o n  o f  
the hydrogeology i n  the v i c i n i t y  of  the  DWPF a t  the  Savannah River P lan t .  

2 
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Figure 1.--The study area within the  Savannah River  P lan t .  
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Figure 2.--H, S, and Z Areas w i t h i n  the study area. 
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Purpose and Scope 

The purposes of t h i s  r e p o r t  are two-fold: (1) t o  de f i ne  the  
hydrogeologic cond i t i ons  i n  the v i c i n i t y  o f  t he  DWPF and, (2) t o  evaluate 
the p o t e n t i a l  f o r  movement o f  a concentrated s a l t - s o l u t i o n  waste i f  released 
a t  or near the  DWPF. 

These purposes were accomplished by assembling and eva lua t ing  e x i s t i n g  
hydrogeologic data; c o l l e c t i n g  a d d i t i o n a l  geologic, hydro log ic ,  and 
water-quality data; developing a l o c a l  geologic framework; developing a 
conceptual model o f  t he  l o c a l  ground-water f low system; and by per forming 
labo ra to ry  experiments t o  determine the  m o b i l i t y  o f  s a l t - s o l u t i o n  waste i n  
sur face and near-surface sediments. 

Although the  unconsolidated sediments are about 1,000 ft t h i c k  i n  the  
study area, on ly  t h e  T e r t i a r y  age sediments, or  upper 300 ft are discussed 
i n  th is  repor t .  The top  o f  t he  E l l en ton  Formation ac ts  as the major 
c o n f i n i n g  uni t  between the ove r l y ing  aqu i fe rs  i n  T e r t i a r y  sediments and the 
under ly ing  aqu i fe rs  i n  Cretaceous sediments; there fore ,  t h e  E l l e n t o n  
Formation i s  the v e r t i c a l  l i m i t  o f  our hydrogeologic inves t iga t ion . .  

The m a j o r i t y  of the hydro log ic  data for t h i s  study came from moni to r ing  
w e l l s  a t  t he  sa l t s tone  d isposa l  s i t e  (SDS) i n  Z Area ( f i g .  3 ) .  
water - leve l  data were c o l l e c t e d  i n  S Area owing t o  the  removal o f  S Area 
mon i to r ing  w e l l s  p r i o r  t o  cons t ruc t i on  a t  the  DWPF. 

No recen t  

General Descr ip t ion  of Study Area 

The SRP i s  loca ted  i n  the Coastal P l a i n  physiographic prov ince 
Both t h e  S and Z Areas ( f i g .  2)  are loca ted  on the  r e l a -  o f  South Carol ina. 

t i v e l y  f l a t  Aiken Plateau a t  an a l t i t u d e  o f  approximately 300 ft above sea 
l e v e l .  A number o f  streams d i ssec t  the  study area and i n c i s e  the  l a n d  sur- 
face, g r e a t l y  i n f l u e n c i n g  the  l o c a l  ground-water system. The study area i s  
bordered on three s ides by streams t h a t  c u t  i n t o  the s u r f i c i a l  sediments t o  
vary ing  degrees. 
a l t i t u d e  o f  about 150 ft above sea l e v e l  ( f i g .  2). 
discharges t o  the  Savannah River  about 9 m i l e s  t o  the southwest a t  an 
a l t i t u d e  o f  about 80 ft. 
the study area a t  an a l t i t u d e  ranging from 160 t o  250 ft ( f i g .  2). Crouch 
Branch, a smal ler  t r i b u t a r y  o f  Upper Three Runs, l i e s  west o f  S Area a t  an 
a l t i t u d e  ranging from approximately 150 t o  250 ft ( f i g .  2). 

Upper Three Runs l i e s  about a m i l e  northwest o f  DWPF a t  an 

McQueens Branch forms the  nor theastern boundary o f  

Upper Three Runs 

Topography a t  t he  DWPF s i t e ,  as w e l l  as the  sa l t s tone  d isposa l  area, i s  
r e l a t i v e l y  f l a t .  
l a n d  sur face i n  the  in te rs t ream area. However, c lose r  t o  the  streams, t h e  
water t a b l e  slopes sharply where the l and  sur face i s  inc ised.  

The water t a b l e  genera l l y  ranges between 64 and 77 f t  below 

The geology o f  the  study area i s  t y p i c a l  o f  the  A t l a n t i c  Coastal P la in .  
The sediments, which range i n  age from Cretaceous t o  Holocene, genera l l y  a r e  
unconsolidated and a re  composed of s t r a t i f i e d  gravel ,  sand, s i l t ,  and c lay.  
Limestone occurs i n  i s o l a t e d  areas. 
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Figure 3.--Saltstone Disposal Si te  monitoring wells. 
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The climate of the area is relatively temperate w i t h  warm humid summers 
and mi ld  winters. Meteorological data have been collected a t  the SRP since 
1961. Currently, wind speed and direction are monitored a t  seven towers 
located adjacent to each production area on the SRP, and a television tower 
located 9 miles northwest of the SW boundary (Hoel, 1983). 
daily temperature, re la t ive  h u m i d i t y ,  precipitation, and a i r  pressure are 
recorded about 5 miles from the s t u d y  area by SRP (Hoel, 1983). 

Additionally, 

Average annual a i r  temperature a t  SRP was 64 OF (Hoel, 1983) for the 
period 1961 through 1981. 
and February t o  a h i g h  o f  106 OF i n  J u l y .  
recorded d u r i n g  1961-1981 are presented i n  f i g u r e  4. 
re la t ive  humid i ty  ranged from 43 t o  90 percent, w i t h  higher readings 
occurring i n  the morning than i n  the afternoon. 

Temperature has reached a low of 4 OF i n  January 
Average m o n t h l y  temperatures 

The average daily 

Average annual precipitation a t  the SW was about 48 i n .  (Hoel, 1983) 
for the period 1952 t h r o u g h  1982. Monthly precipitation for the period o f  
record ranged from a low o f  2.33 i n .  i n  November to a h i g h  of 5.08 i n .  i n  
March ( f i g .  4).  Snow very rarely occurs a t  the SRP. The summer months o f  
June, J u l y ,  and August generally are the wettest (29 percent o f  t o t a l  
precipi ta t ion) ,  followed closely by the winter months of January, February, 
and March. 

MONTH 

Figure 4.--Average monthly temperature and precipitation a t  the Savannah 
River Plant d u r i n g  1961-1981. 
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Overland r u n o f f  a t  the SRP was n o t  observed i n  areas o f  general ly f l a t  
topography where f o r e s t  l i t t e r  and surface sand are present, bu t  overland 
r u n o f f  i s  l i k e l y  i n  areas o f  steep slope. 
a t  a commercial low- leve l  r a d i o a c t i v e  waste d isposa l  s i t e  adjacent t o  SRP, 
11 mi les  east o f  the study area, 70 percent o f  the p r e c i p i t a t i o n  was 
estimated t o  r e t u r n  t o  the atmosphere by evapotranspirat ion (Dennehy and 
McMahon, 1987). 
recharge was estimated t o  be approximately 30 percent o f  p r e c i p i t a t i o n  i n  
areas where surface sediments remain undisturbed. 

I n  a U.S. Geological  Survey study 

I n  t h a t  same study, us ing  a water balance technique, 

Previous Inves t i ga t i ons  

The geology and hydrology a t  the SRP are discussed i n  a v a r i e t y  o f  
s i t e - s p e c i f i c  repor ts .  Summaries o f  the l o c a l  geology are presented i n  
S i p l e  (1967), C h r i s t 1  (1964), Pe t t y  and others (1965), Bechtel  Corporation 
(1972, 1973, 1982), Daniels (1974), Marine and S i p l e  (1974), Marine and Root 
(1978), Marine (1979), Faye and Prowel l  (1982), and Prowel l  and others 
(1985b). I n  add i t i on ,  r e g i o n a l  geologic i n v e s t i g a t i o n s  i n c l u d i n g  the 
Savannah River P l a n t  area have been authored by Sloan (1908), Cooke (1936), 
Cooke and MacNeil (1952), and Prowel l  and others (1985a). Only a few 
repor t s  are r e l a t e d  d i r e c t l y  t o  S and Z Areas. 
the most comprehensive i n v e s t i g a t i o n  t o  date o f  the DWPF t h a t  included 
iT fo rmat ion  on cl imate,  geology, and hydrology a t  S Area. 
D Appolonia (1981) repor ted  geologic and hydro log ic  data from an ea r l y  s i t e  
cha rac te r i za t i on  o f  Z Area i n  which 25 mon i to r ing  w e l l s  were i n s t a l l e d .  
Add i t i ona l  work a t  Z Area included another s i t e  assessment by INTERA (1986) 
i n  which the geology and hydrology o f  the area were examined with the p r i -  
mary emphasis d i r e c t e d  t o  the development o f  ground-water f low and t ranspor t  
models o f  n i t r a t e  movement below the proposed sa l t s tone  d isposa l  f a c i l i t y  ( Z  
Area). 

D Appolonia (1982) completed 

One year e a r l i e r ,  

GEOLOGY 

The s t r a t i g r a p h i c  nomenclature a t  the SRP has remained r e l a t i v e l y  
unchanged since the p u b l i c a t i o n  o f  S ip le  (1967). A b e t t e r  understanding o f  
the geology i n  areas adjacent t o  the p l a n t ,  however, has evolved with time, 
and the geologic u n i t s  within the p l a n t  boundaries now need r e v i s i o n  t o  f i t  
the  modern s t r a t i g r a p h i c  concepts o f  the region. Loca l  ref inements o f  the 
geologic framework o f  S ip le  (1967) have been necessary t o  accommodate 
var ious geohydrologic s tud ies  a t  the SRP. 
t o  t h a t  r e p o r t  i s  the d e l i n e a t i o n  o f  the **tan" and ''green" c lay  l aye rs  by 
Root (1980). 
permeab i l i t y  i n  h i s  eva lua t ion  o f  ground water i n  the v i c i n i t y  o f  the DWPF 
study area. 
t h e i r  s t r a t i g r a p h i c  p o s i t i o n s  because they are a l so  o f  s ign i f i cance  t o  t h i s  
study. 

The most s i g n i f i c a n t  mod i f i ca t i on  

He recognized these two l i t h o l o g i c  hor izons as zones o f  low 

Special  a t t e n t i o n  w i l l  be given t o  these two l i t h o f a c i e s  and 

S t ra t i g raphy  

o f  T e r t i a r y  age near the center o f  the SRP and referenced these t o  w e l l  55-P 
( f i g .  1). 

S i p l e  (1967, f i g .  3)  recognized f i v e  r e g i o n a l  Coastal P l a i n  formations 

This w e l l  i s  loca ted  about 6 m i les  southeast o f  the DWPF study 
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area. The five formations that he reported are: 
Formation, (2) the Congaree Formation, (3) the McBean Formation, ( 4 )  the 
Barnwell Formation, and ( 5 )  the Hawthorn Formation. Except for the name 

SRP. Therefore, these names (except Hawthorn) are used i n  t h i s  report 
( table  1) for consistency w i t h  publis9ed l i t e r a tu re ;  however, some 
modifications have been made t o  Siple s stratigraphic framework t o  conform 
t o  present geologic knowledge. 

(1) the Ellenton 

Hawthorn", these names are still  i n  use i n  areas immediately outside of the 88 

To evaluate these formations a t  the DWPF, samples were examined from 

I n  addition, data from these core 

eight core holes ( f ig .  5 )  and numerous exposures i n  a large area around the 
DWPF. The fo l lowing  descriptions are based on these observations i n  
conjunction w i t h  data from other reports. 
holes were used t o  constryct two geologic sections, figure 6 ( f ig .  5 ,  A-A' )  
and figure 7 ( f ig .  5 ,  B-B ) ,  t o  better define the geology a t  the DWPF. 

Ellenton Formation 
Nomenclature 

The El len ton  Formation is named a f t e r  the abandoned town of Ellenton, 
SC which was located near the center of the SRP property p r i o r  t o  Federal 
acquisition of the land. Siple (1967) proposed the name Ellenton Formation 
t o  denote l i thologically d i s t inc t  s t r a t a  of unknown age situated above sand 
and clay o f  presmed Cretaceous age and below fossil-dated Eocene s t r a t a ;  
however, the name Ellenton is not  widely used outside the SRP boundaries. 
Siple (1967, p. 28-31) established the type section i n  SRP t e s t  well 52-C, 
located near the center of  the plant about 4 miles southwest of the DWPF 
s t u d y  area (f ig .  1). T h i s  well was dr i l led i n  1952, and cuttings and 
geophysical l o g s  from i t  were used t o  describe the l i thologic  character of 
the Ellenton Formation. The Ellenton Formation is  no t  known t o  crop ou t  on 
the SFP, and has only  recently been recognized (see Prowell and others, 
1985b) i n  stream cuts n o r t h  of the SW boundary near the community of  
Hollow Creek, S.C. ( f i g .  1). 

Lithology 

The Ellenton Formation on the SRP is  approximately 50- t o  80-ft thick 
and generally can be divided i n t o  a lower clayey-sand phase and an upper 
clay phase as described i n  Prowe11 and others (1985b). The lower Ellenton 
phase is composed of medium t o  coarse sand consisting of subangular quartz 
i n  a light-gray t o  off-white clay matrix. 
forms the majority of  the sand fraction and gives the formation a 
character is t ic  pale-gray appearance. 
debris and fragments o f  l ign i te  are common. 
muscovite, feldspar, s i l l imani te ,  iron-bearing minerals ( typically pyri te ,  
marcasite, and s ide r i t e ) ,  garnet, rut i la ted quartz, and various unidentified 
dark, heavy minerals. 

Light-gray t o  blue-gray quartz 

Secondary minerals include 
Finely disseminated carbonaceous 

The upper Ellenton phase is largely sandy t o  silty kaol ini t ic  clay w i t h  
some t h i n  beds of clayey coarse sand. 
clay layers, and X-ray analysis of sandy-clay samples indicates significant 
amounts of c r i s toba l i te .  

Mica i s  typically abundant i n  the 

Some clay and clayey-silt beds i n  the upper 
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geologic  i n v e s t i g a t i o n  and geologic  s e c t i o n  along A-A and 13-8 . 
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E l l e n t o n  are  h i g h l y  carbonaceous and a re  dark gray t o  black. 
carbonaceous c lay  beds a re  t y p i c a l l y  less than 5 - f t  t h i c k  and a re  we l l -  
laminated. 
f rac t i on ,  bu t  these beds are n o t  very common. 
probably con t r i bu tes  t o  the  c h a r a c t e r i s t i c  pale-gray c o l o r  o f  the  upper 
E l l e n t o n  described by S i p l e  (1967). 
the absence of carbonaceous ma te r ia l ,  b u t  i t  i s  l i g h t  green or  ye l low ish  
green i n  laye rs  where c r i s t o b a l i t e  i s  abundant. 

These 

Some sandy beds conta in  fragments of l i g n i t e  i n  the coarse s i z e  

The E l l e n t o n  i s  t y p i c a l l y  o f f  whi te  i n  

F ine l y  disseminated carbon 

The unconformity a t  the  base of the  E l l e n t o n  i s  t y p i c a l l y  marked by a 
th in  bed o f  very coarse sand and (or )  gravel ,  b u t  i t  i s  most e a s i l y  
recognized on the bas is  of the  appearance of t he  under ly ing  Cretaceous 
sec t i on  de f ined by Prowel l  and others (1985a). 
Cretaceous i s  character ized by red- t o  orange-stained c lay,  bu t  where th is  
ox id ized  c lay  i s  absent, the  basal  sands of the  E l l e n t o n  can be d i f f i c u l t  t o  
d i s t i n g u i s h  from under ly ing  Cretaceous sand. 
c lays  are absent, Cretaceous sand i s  commonly reworked i n t o  the lowermost 
E l len ton ,  obscuring any abrupt change i n  l i t h o l o g y .  The presence o f  
s i l l i m a n i t e ,  fe ldspar ,  and c r i s t o b a l i t e  i s  the best  i n d i c a t i o n  t h a t  the sand 
i s  p a r t  o f  t h e  E l l en ton  Formation and n o t  the  under ly ing  Cretaceous s t ra ta .  

Commonly, t h e  top o f  the  

I n  areas where the s ta ined 

The l i t h o l o g i c  character  of t he  formation and the presence o f  a marine 

The l i t h o l o g y  and 
pa lyno f lo ra  with abundant carbonaceous m a t e r i a l  suggest t h a t  the E l l en ton  
was deposited i n  a marginal-marine, d e l t a i c  environment. 
depos i t i ona l  environment of t he  E l l e n t o n  are most l i k e  those o f  the lower 
p a r t  o f  the Huber Formation ( t a b l e  1) i n  eas t -cent ra l  Georgia, which 
suggests t h a t  the Midwayan (Paleocene) f luv io-mar ine , d e l t a i c  depos i t ion  
described by Prowel l  and others (1985a) extends across the SW. 

Sip le  (1967) imp l i ed  t h a t  the E l l en ton  Formation was probably Late 

He a lso  suggested t h a t  the E l l e n t o n  might  be Paleocene, as d i d  

F\ge 

Cretaceous on the bas i s  of l i t h o l o g i c  s i m i l a r i t y  t o  under ly ing  Cretaceous 
s t ra ta .  
Colquhoun and others (1982, 1983), bu t  n e i t h e r  o f fer  pa leonto log ic  
evidence t o  support t h e i r  assumptions. This age des ignat ion was f i r s t  
proven and r e f i n e d  by Prowel l  and others (1985b) from samples on the  SRP. 
Prowel l  and others (1985b) sampled the carbonaceous c lay  l aye rs  o f  the  
E l l en ton  Formation from w e l l  FC-3A ( f i g .  5) (U.S. Geological Survey 
Paleobotanica l  L o c a l i t y  R3038) a t  a l t i t u d e s  of 34 and 37 ft above sea l e v e l  
t o  analyze the  d i n o f l a g e l l a t e  and p o l l e n  assemblages. The cored holes a t  
the DWPF were n o t  deep enough t o  reach the  E l l e n t o n  sect ion,  so we 
ext rapolated the  s t r a t i g r a p h i c  in fo rmat ion  o f  Prowel l  and others (1985b) 
i n t o  the area on the bas is  o f  l i t h o l o g i c  c o n t i n u i t y  ( f i g .  5 ) .  

The d iverse,  well-preserved f l o r a l  assemblages repor ted by Prowel l  
and others (1985b) i n d i c a t e  t h a t  depos i t ion  o f  t he  E l l e n t o n  was i n  
the middle p a r t  o f  the Midwayan P r o v i n c i a l  Stage. This  suggests a 
c o r r e l a t i o n  with the Clayton, and (or) Por te rs  Creek Formations i n  Georgia 
and Alabama and the Naheola Formation i n  Alabama (Edwards, 1980), the  
Br igh tseat  Formation i n  Maryland, the Rhems Formation o f  the  Black Mingo 
Group i n  coas ta l  South Caro l ina  (Van Nieuwenhuise and Colquhoun, 1982), the 
lower p a r t  o f  the  Huber Formation i n  c e n t r a l  and eastern Georgia (Buie, 
1978, 1980), and the P1 unit o f  Prowel l  and others (1985a) i n  westernmost 
South Caro l ina and eastern Georgia. 
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Congaree Formation 

Nomenclature 

The name Congaree" was f i r s t  used by Sloan (1908) t o  describe sands 
and c lays  i n  c e n t r a l  South Caro l ina near the Congaree River .  
Stephenson (1911) extended the use o f  the  term t o  Congaree Clay", which was 
the basa l  member o f  t h e i r  McBean Formation. 
es tab l i shed the "Congaree Formation" t o  de f i ne  "shale," " b r i t t l e  s i l t s tone , "  
and "we l l -  t o  poor ly-sor ted sand" t h a t  resembled the  Ta l l aha t ta  Formation o f  
Alabama and M i s s i s s i p p i  and was separated from the  o v e r l y i n g  McBean Formation 
by an e ros iona l  contact. The d i f f e r e n t  app l i ca t i on  o f  the  name Congaree 
Formation by var ious  authors i s  described by Huddlestun (1982). 
(1967) recognized t h e  d i f f e rences  between the s t r a t a  a t  McBean Creek (McBean 
Formation) a long the Savannah River  and the under ly ing  moderately-sorted 
clayey sand (Congaree Formation), and he a lso  recognized the  need t o  p lace  
an e ros iona l  con tac t  between the two formations. S ip le ,  apparently 
r e a l i z i n g  the confus ion i n  nomenclature, combined the  two formations f o r  h i s  
d iscuss ion o f  t he  SW. S i p l e  (1967) was c lea r ,  however, i n  h i s  d e f i n i t i o n  
o f  t he  Congaree Formation on the SW, and i t  i s  n o t  the Twiggs Clay ( o f  the  
Barnwel l  Formation) as suggested by Huddlestun (1982). Through geologic  
mapping and pa leon to log i ca l  c o n t r o l ,  S ip le ' s  SRP Congaree Formation is  
i n t e r p r e t e d  t o  be the  downdip equ iva len t  o f  the Eocene p a r t  o f  the Huber 
Formation o f  Buie (1978) mapped i n  outcrop immediately n o r t h  o f  the SRP by 
Nystrom and Willoughby (1982). 

Veatch and 
@a 

Cooke and MacNeil (1952) 

S i p l e  

L i t ho logy  

The Congaree Formation i n  the v i c i n i t y  o f  t he  DWPF i s  about 50- t o  
70-ft  th ick  and i s  comprised o f  moderately-sorted quar tz  sand i n  a b u f f  t o  
l i gh t -g ray  c lay  mat r ix .  The sand i s  l a r g e l y  f i ne  t o  coarse, subangular t o  
subrounded quar tz  with smal l  q u a n t i t i e s  o f  very f i ne ,  dark, heavy minera ls  
and mica. 
s i l l i m a n i t e ,  i l m e n i t e ,  s t a u r o l i t e ,  r u t i l e ,  garnet, and magnetite. The mica 
i s  present  throughout the formation, b u t  i s  genera l l y  more preva len t  i n  the 
c l a y - r i c h  i n t e r v a l s .  Mica g ra ins  are genera l l y  small ,  but some i n d i v i d u a l  
f l akes  are q u i t e  l a r g e .  The s a n d  o c c u r s  i n  t h i n  b e d s ,  a few i n c h e s  t o  a 
few f e e t  t h i ck ,  and bedding i s  genera l l y  f l a t  t o  weakly cross bedded. l h e  
sand i s  enclosed i n  a s l i g h t  t o  moderate c lay  ma t r i x ,  which i s  l a r g e l y  
o f f -wh i te  kao l i n .  Oxidat ion o f  iron-bearing, heavy minera ls  can s t a i n  the 
m a t r i x  pa le  orange, or more commonly, the c lays  may be l i g h t  gray owing t o  
f i n e l y  disseminated carbonaceous mat ter .  
format ion i n  t r i b u t a r i e s  t o  Upper Three Runs show t h a t  th in (0.25 in.), 
clay-enriched, s i l t y  laminae are present  i n  a t  l e a s t  the upper p a r t  o f  the  
unit. 
a l so  be seen i n  l o c a l  outcrops. 

The heavy-mineral assemblage of the  sand i s  charac ter ized  by 

F i e l d  observations o f  t h i s  

I n  add i t i on ,  the clay-coated w a l l s  o f  burrows o f  marine organisms can 

The clay-enriched laminae seen i n  outcrop are n o t  r e a d i l y  v i s i b l e  i n  

These beds are 

cores i n  the v i c i n i t y  o f  t he  DWPF, but t h i c k e r  c l a y  l a y e r s  are present  and 
more prominent. Throughout the cored Congaree sect ion,  thin, d i s t i n c t  beds 
o f  c lay,  0.5- t o  2 - f t  t h i c k ,  are found every 10 t o  20 ft. 
t y p i c a l l y  well- laminated, s i l t y  c lay  and may be very carbonaceous. The 
medium t o  dark-gray c o l o r  o f  these c l a y  beds i s  a dramatic con t ras t  t o  the 
whi te  clayey sands o f  the  formation. 
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Lithologically, the Congaree Formation of the SRP most closely 
resembles the Eocene part of the Huber Formation as described by Nystrom and 
Willoughby (1982), and l i thologic  u n i t  E3 of Prowell and others (1985a) a t  
the southern end of the SRP. The moderate number of marine microflora and 
evidence of burrowing i n  outcrops indicates that  the Congaree was deposited 
i n  a shallow open-marine environment. The correlation of the Congaree 
s t r a t a  a t  the SRP w i t h  the Eocene part  of the Huber Formation provides 
important information about depositional environment. 
Willoughby (1982, p. 144, beds 4a-5a) report Congaree l i thologies 
immediately upd ip  of the SRP i n  the lower part of the i r  Huber section. The 
Huber s t r a t a  consist of poorly sorted, cross bedded to t h i n l y  laminated 
clayey sands and massive kaolin beds deposited i n  a del ta  plain environment. 
The t h i n  laminations, s l i g h t  cross bedding, and marine biologic act ivi ty  i n  
the Congaree s t r a t a  downdip of the Huber outcrop imply that  the Congaree was 
deposited i n  the shallow-water marine del ta  front of t h i s  Eocene delta.  

Nystrom and 

Siple (1967) placed the Congaree Formation of the SRP i n  the middle 
Eocene (Claiborne) on the basis of work by Cooke and MacNeil (1952) i n  
central  South Carolina. 
SRP and Siple (1967) had no d i rec t  way of dating any of the s t r a t a .  
samples from well FC-3A ( f i g .  5 )  a t  141 and 91 f t  above sea level were 
co l l ec t ed  t o  h e l p  e s t a b l i s h  an exact age of t h e  s t r a t a .  
f lora  places these samples low i n  the middle Eocene or i n  the lower two 
t h i r d s  of the Cla iborn ian  Stage (L. E. Edwards, U.S. Geological Survey,  
written commun., 1983). T h i s  age determination correlates  the Congaree 
Formation a t  the SRP w i t h  the upper part of the Tallahatta Formation and the 
lower part  of the overlying Lisbon Formation of western Georgia and eastern 
Alabama. The Congaree is also correlat ive w i t h  the Eocene par t  of the Huber 
Formation (Buie, 1978; 1980) i n  eastern Georgia and updip western South 
Carolina, and the lower part of the Santee Limestone i n  eastern South  
Carolina. 

Megafossils are not present i n  the Congaree a t  the 
Core 

The d ino f l age l l a t e  

McBean Formation 

Nomenclature 

The McBean Formation was named by Veatch and Stephenson (1911) for 
exposures of marine s t r a t a  along McBean Creek, a tr ibutary of the Savannah 
River, i n  Burke County, Georgia. Sloan (1908) recognized the calcareous 
and fossi l i ferous McBean l i thologies  as being correlative w i t h  the upper 
middle Eocene Santee Limestone and Warley H i l l  Formation i n  South Carolina, 
b u t  Veatch and Stephenson (1911) applied the new formation name (McBean 
Formation) because of inconsistencies i n  regional correlations.  Shearer 
(1917) and Cooke and Shearer (1918) recognized that  part of the section 
originally included i n  the McBean Formation was actually l a t e  Eocene and 
should be included i n  the Barnwell Formation (Group). Cooke and Shearer 
(1918) generally res t r ic ted their  usage of McBean Formation to the typically 
calcareous and fossi l i ferous outcrops along McBean Creek and a t  Shell B l u f f  
on the Savannah River, b u t  they d i d  not exclude the noncalcareous, 
unfossiliferous sands and clays that accompany the calcareous deposits. As 
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a resu l t  of the progressive loss  of calcareous s t r a t a  i n  the McBean from 
Georgia in to  South Carolina, Cooke (1936) extended the use of the name 
McBean well i n t o  Sou th  Carolina and included sands and clays of par ts  of the 
Barnwell Formation (Group) and Congaree Formation. Therefore, h i s  
s t ra t igraphic  re la t ions made i t  d i f f i cu l t  to d i s t i n g u i s h  and map the 
Barnwell, McBean, and Congaree into central  South Carolina. 
MacNeil (1952) t r ied  to  correct the stratigraphic misconceptions by 
restricting the McBean Formation to age-equivalent sediments of the Cook 
Mountain Formation i n  Texas and Miss i s s ipp i .  Cooke and MacNeil (1952), 
however, failed t o  recognize the problem o f  overlapping l i thofac ies  and 
again included sediments (Twiggs Clay) from the basal Barnwell s t r a t a  i n  the 
McBean . 

Cooke and 

Siple (1967) must have realized the confusion concerning the definit ion 
of the McBean s t r a t a  and chose to  combine the McBean and Congaree Formations 
on the basis of the water-bearing properties for the purpose of h i s  report. 
Siple (1967, p.45), however, identified five l i thologies (1. polished quartz 
sand, 2. glauconitic marl, 3. laminated montmorillonitic clays,  4. s o f t ,  
fossi l i ferous limestone, and 5. lenses of s i l i c i f i e d  limestone) that  are 
found i n  sediments of Claibornian age on the SRP. These l i thologies  are 
generally confined to the McBean Formation of t h i s  report. 
(1982), however, describes the McBean Formation as a s ingle  lithology on the 
basis of one remaining outcrop a t  the type local i ty .  
p.29) s t a t e s  of Siple (1967) that  “only lithology (4), impure beds of sof t  
fossi l i ferous limestone or marl is consistent w i t h  McBean lithology ,” b u t  we 
regard the McBean as a sedimentary sequence of several l i thologies  marked 
above and below by depositional unconformities. 

Huddlestun 

Huddlestun (1982, 

Lithology 

An examination of the McBean Creek area shows many of the same 
l i thologies  described by Siple (1967). 
marked by a t h i n  bed o f  coarse, angular sediment containing nodular iron 
concretions. 
polished quartz sand down into kaol in i t ic  clays o f  the Congaree Formation 
(Huber). 
moderately-sorted, cross-bedded quartz sand and fine gravel, and 
well-laminated beds of green montmorillonitic clay and orange sand. Some 
sandy layers contain glauconite and phosphate and polished blue quartz 
grains. Where carbonate cementation is extensive, the McBean contains sandy 
limestones and marls that  commonly include preserved she l l  molds of 
mollusks. 
green clays and coarse sands containing shel l  ghosts, and is easily confused 
w i t h  the basal sediments of the overlying Barnwell Formation (Group). The 
base of the Barnwell, however, does not contain she l l  ghosts and oxidation 
spots from weathering glauconite, and i s  clearly marked by a t h i n  lag bed on 
the basal unconformity. The McBean s t r a t a  i n  the vicinity of t h e  type 
section are s o  similar to the age-equivalent s t r a t a  a t  the SRP that  we 
retained use of the formation name i n  t h i s  report. 

The base of the McBean sequence is 

Borings of marine organisms have carried the overlying 

The basal part of the McBean is characterized by beds of 

The upper part of the McBean is composed of t h i n l y  laminated 

The base of t h e  McBean Formation i n  t h e  vicinity of t h e  DWPF is marked 
by a 12-in. t h i c k  lag bed of poorly-sorted, coarse quartz sand, gravel, and 
other marine debris. T h i s  contact is well exposed i n  a tr ibutary to  Upper 
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Three Runs loca ted  immediately east o f  w e l l  FC-4A ( f i g .  5). 
l a g  bed i s  t y p i c a l l y  4 t o  8 ft o f  moderately-sorted, subrounded quar tz  sand 
i n  a ma t r i x  o f  dark-green c lay.  Glauconite and h i g h l y  po l i shed g ra ins  o f  
b lue  quar tz  a re  common i n  t h i s  sand. 
6 - f t  t h i c k  l a y e r  o f  dense, dark-green, i l l i t e / s m e c t i t e  c lay  o v e r l i e s  th is  
basa l  sand. This c l a y  i s  the  "green c lay "  repor ted  by Root (1980) and forms 
a more or l e s s  continuous con f in ing  bed beneath the  DWPF and H Area ( f i g s .  6 
and 7). 
thin c lays  i n t e r l a y e r e d  with sandy c lays.  Hence, the green c l a y  zone may 
thin and th icken,  and grade l a t e r a l l y  i n t o  the McBean sands. This occurs 
between w e l l s  SDS-12 and P14TA ( f i g .  6). 
zone near w e l l  SDS-7 ( f i g .  6) must be the r e s u l t  of depos i t ion  due t o  the 
u n i f o r m i t y  o f  o ther  contacts above and below. 

Above t h i s  

I n  the v i c i n i t y  o f  t he  DWPF, a 2- t o  

The green c l a y  i s  n o t  a d i s c r e t e  c l a y  bed, but r a t h e r  a s e r i e s  o f  

The i r r e g u l a r i t y  o f  the  green c l a y  

Above the green c l a y  i s  about 30 ft of f ine-grained, we l l -sor ted  wh i te  
quar tz  sand conta in ing  s i g n i f i c a n t  amounts of white mica and f i ne ,  dark, 
heavy minerals. The t y p i c a l  heavy minera ls  i n  the  McBean are i lmen i te ,  
leucoxene, z i rcon ,  s i l l i m a n i t e ,  kyan i te ,  monazite, and magnetite. West and 
south o f  t he  DWPF ( i n  w e l l s  HC-lA, FC-4A, and area outcrops), t h e  f i ne ,  
wh i te  sand has a ma t r i x  o f  pale-green c lay ,  whereas eas t  o f  t h e  F Area 
( i n  w e l l  FC-3A) the ma t r i x  i s  l a r g e l y  c a l c i u n  carbonate (calcareous zone o f  
f i g s .  6 and 7). 
green and i s  commonly burrowed. 
amounts. Where the  ma t r i x  i s  calcium carbonate, the sand i s  very whi te  and 
moderately t o  w e l l  cemented. 
t he  SDS w e l l s  and w e l l  P14TA ( f i g .  5 ) ,  and t h i s  l i t h o l o g y  commonly conta ins 
the  f o s s i l i z e d  s h e l l s  o f  mollusks and pelecypods. 

I n  the areas where the  mat r ix  i s  c lay,  the sand i s  l i g h t  
F ine  g laucon i te  may be present  i n  smal l  

Sandy l imestone i s  present  i n  th is  i n t e r v a l  i n  

The calcareous beds i n  the McBean have l o s t  t h e i r  calcium carbonate 
cement i n  outcrop exposures along Upper Three Runs Creek and i n  w e l l  HC-1A 
( f i g .  7). 
l e s s  cemented by s i l i c a .  
was probably removed du r ing  weathering of the  b l u f f  along Upper Three Runs 
Creek and the replacement s i l i c a  der ived  from a l t e r a t i o n  o f  t he  
m o n t m o r i l l o n i t i c  green c l a y  t o  k a o l i n i t e .  The absence o f  calcium carbonate 
i n  w e l l  HC-lA, however, i s  more d i f f i c u l t  t o  exp la in .  Poss ib ly  the  i n f l u x  
o f  clayey s i l t  and f i n e  sand i n  HC-1A p r o h i b i t e d  the  p r e c i p i t a t i o n  o f  
l imestone, or poss ib ly  the  l imestone was eroded by channel cur ren ts  and the 
o l d  channel r e f i l l e d  with sand. 
pos t -depos i t iona l  m ig ra t i on  o f  ground water, but t h i s  process i s  seldom so 
se lec t ive .  

These s t r a t a  commonly crop out  as clayey sands and a re  t y p i c a l l y  
I n  the case of surface exposures, the  carbonate 

The l imestone a lso  may have been removed by 

The f i ne  wh i te  sand and (or)  sandy l imestone i s  o v e r l a i n  by 30 t o  40 ft 

This sand 

o f  f i n e  t o  coarse, angular t o  subangular, quar tz  sand i n  a mediun-green t o  
ochre-colored c lay  matr ix .  
well-rounded, and are  commonly associated with l a r g e  mica f lakes.  
conta ins the same s u i t e  of heavy minera ls  discussed i n  the prev ious 
paragraph, and commonly has moderate amounts of g laucon i te  as we l l .  
upper sands o f  t he  McBean are poor ly  sor ted  and are  character ized by 
dark-brown t o  b lack  spots probably caused by the  weathering of g laucon i te  or 
phosphate gra ins.  
devoid o f  calcium carbonate. 
sands conta in  s h e l l  ghosts, and the bedding i n  th is  area i s  laminar t o  

Larger quar tz  g ra ins  tend t o  be po l i shed and 

The 

The m a t r i x  c l a y s  are  l a r g e l y  i l l i t e / s m e c t i t e  and are 
I n  outcrops j u s t  east  of F Area, t he  upper 
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s l i g h t l y  cross bedded. 
l a r g e  roadcut immediately east  o f  F Area on SRP road 
the  way up from the  road base. 
2 - f t  f o s s i l i f e r o u s  l a g  bed marking the  unconformity a t  t h e  base o f  the  
Barnwel l  Formation (Group). 

The top o f  t he  McBean Formation i s  present  i n  the 
n n C about one- th i rd  o f  

The uppermost McBean beds are t runcated by a 

The marine megafossils and m ic ro foss i l s ,  g lauconi te ,  burrows o f  marine 
organisms, i l l i t e / s m e c t i t e  c lays  i n  thin b u t  extensive layers ,  and sandy 
l imestone i n d i c a t e  t h a t  the  McBean was deposited i n  a near-shore, marine 
environment. The v a r i a b i l i t y  o f  f ac ies  and l i t h o l o g y ,  however, suggests 
t h a t  l o c a l  changes i n  water depth and other  c h a r a c t e r i s t i c s  o f  depos i t ion  
were n o t  uncommon. The var ious McBean l i t h o f a c i e s  can be taken t o  r e f l e c t  
shal low-shelf t o  r e s t r i c t e d  marine deposit ion. The green c lay and sand a t  
t he  base o f  t h e  formation cou ld  r e f l e c t  back-barr ier  and t i d a l  channel 
depos i ts  du r ing  t ransgress ion of a l a t e  Eocene sea. 
and sandy l imestone above these deposi ts  are probably shal low-shelf,  
open-marine deposi ts ,  and the f i n e  t o  coarse, c layey sands a t  t he  top o f  the  
sequence are probably shoreface deposi ts  l e f t  du r ing  regression. 
shoreface and foreshore deposi ts  were probably removed by the  l a t e  Eocene 
(Barnwell  Group) transgression. 

The f ine ,  whi te  sand 

The upper 

S i p l e  (1967) p laced the combined McBean and Congaree Formations i n  the 
Cooke middle Eocene (Claiborne) based on work by Cooke and MacNeil (1952). 

and MacNeil (1952, p. 24) r e s t r i c t e d  the McBean t o  the  l a t e  Claiborne, 
making i t  equ iva len t  t o  the  Cook Mountain Formation i n  Texas and 
Miss iss ipp i .  S ip le  (1967), however, d i d  not  repo r t  any age determinations 
from the  megafoss i ls  found i n  outcrops a t  the SRP. A core from the  "green 
c lay"  i n  w e l l  FC-3A a t  an a l t i t u d e  o f  145 ft above sea l e v e l  ( f i g .  6) ,  had a 
moderate d i n o f l a g e l l a t e  assemblage. 
upper p a r t  o f  the  middle Eocene ( l a t e  Cla iborn ian)  (L. E. 
Geologica l  Survey, w r i t t e n  comun., 1983). 
t h a t  the  McBean Formation a t  the  SRP i s  the  equiva lent  o f  t h e  McBean 
Formation a t  the  type l o c a l i t y ,  un i t  E5 (see t a b l e  1) o f  Prowel l  and others 
(1985a) i n  western South Carol ina, the  upper p a r t  o f  t he  Santee Limestone o f  
eastern South Carol ina, the  Cast le  Hayne Formation o f  Nor th  Caro l ina  
(Prowel l  and others, 1985b), and the  upper p a r t  o f  t he  Lisbon Formation o f  
western Georgia. 

The assemblage i s  i n d i c a t i v e  o f  t he  
Edwards, U.S. 

This age assignment i n d i c a t e s  

Barnwell  Group 

Nomenclature 

Sloan (1907, 1908) f i r s t  used the  name "Barnwell  Phase" t o  descr ibe 
sands, g lauconi tes,  and fer rug inous sandstones ove r l y ing  middle Eocene 
carbonates i n  South Carol ina. Cooke (19.36) adopted the term "Barnwell  
Formation'' t o  descr ibe the  'updip Eocene sands i n  western South Caro l ina  t h a t  
o v e r l i e  h i s  McBean Formation, b u t  d i d  n o t  e s t a b l i s h  a type l o c a l i t y  and 
was vague about the  formation l i t h o l o g i e s .  This was probably because the  
Barnwel l  as defined by Sloan (1908) and Cooke (1936) inc luded s t r a t a  now 
assigned t o  the  McBean Formation. 
t o  be l a t e  Eocene and t h i s  age assignment has been fo l lowed by subsequent 

Cooke considered the  Barnwell  Formation 
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workers such as Cooke and MacNeil (1952), S i p l e  (1967), Colquhoun and 
Johnson (1968), Nystrom and Willoughby (1982), and Huddlestun and H e t r i c k  
(1979, 1986). 
Formation be changed t o  Barnwel l  Group t o  accommodate var ious new upper 
Eocene u n i t s  and e l im ina te  some problems i n  l i t h o s t r a t i g r a p h y .  Presently, 
t h e i r  Barnwel l  Group i n  the outcrops a t  t he  SRP cons is t s  o f  two un i t s :  
t he  Tobacco Road Sand and (2) the  under ly ing  Dry Branch Formation o f  
Huddlestun and H e t r i c k  (1986). Tnei r  Dry Branch Formation cons is t s  o f  t he  
Twiggs Clay Member and the  I r w i n t o n  Sand Member o f  t he  Barnwell  Formation o f  
LaMoreaux (1946) (a l so  the  usage o f  t h e  U;S. Geologica l  Survey) i n  eastern 
Georgia. We are herein, us ing  Huddlestun s and H e t r i c k ' s  rank o f  Barnwel l  
Group and associated nomenclature for the purpose of t h i s  r e p o r t  i n  the 
study area. 

Huddlestun and He t r i ck  (1979) suggested t h a t  t h e  Barnwell  

(1) 

The Barnwell Group a t  the SRP is no t  d i f f i c u l t  t o  subdiv ide  i n  outcrop ,  
b u t  i t  i s  extremely d i f f i c u l t  t o  d i f f e r e n t i a t e  i n  d r i l l  cores described i n  
t h i s  repor t .  The recovery o f  the  Barnwel l  sands i s  f a i r  i n  d r i l l  cores, but 
t h e  d i f f e r e n t i a t i o n  o f  t he  two formations depends on depos i t i ona l  
c h a r a c t e r i s t i c s  as w e l l  as l i t h o l o g y .  
Sand and the  under ly ing  Dry Branch Formation i s  w e l l  exposed near the  top of 
the  l a r g e  outcrop immediately east o f  F Area, bu t  t h i s  contact  cou ld  no t  
con f iden t l y  be t raced through the ava i l ab le  d r i l l  cores. Therefore, f o r  
t he  purpose o f  t h i s  r e p o r t  the  Barnwell  Group i s  shown on i l l u s t r a t i o n s  as 
one geologic  un i t ,  b u t  i t  contains t h e  d i f f e r i n g  l i t h o l o g i e s  as described i n  
the  f o l l o w i n g  t e x t .  

The contac t  between the Tobacco Road 

L i tho logy  

The base o f  t h e  Barnwell  Group a t  the  SRP i s  marked by a 2 - f t  t h i c k  
unconformable l a g  bed cons is t i ng  o f  very coarse, angular quar tz  sand, 
quar tz  g rave l ,  pe r fo ra ted  s h e l l  fragments, carbon fragments, and other  
deb r i s  remaining a f t e r  the  t ransgress ive eros ion o f  the  under ly ing  geologic 
formations by a l a t e  Eocene sea. The s h e l l  fragments are der ived  from the  
McBean Formation, whereas the  coarse sand and g rave l  a re  probably from updip 
Cretaceous and Paleocene beds. This contac t  i s  w e l l  exposed i n  the  l a r g e  
outcrop on SRP Road "C" immediately east  o f  F Area, and a t  the base o f  a 
l a r g e  e ros iona l  d i t c h  about 500 ft west o f  t h i s  road cut .  
unconformity i s  about 4 ft o f  moderately-sorted, f i n e  t o  medium, orange t o  
brown sand t h a t  i s  genera l ly  massive. Atop t h i s  sandbed i s  a 2- t o  1 0 - f t  
t h i c k  bed o f  laminated, t an  t o  pale-green c l a y  t h a t  i s  r e l a t i v e l y  continuous 
i n  the  c e n t r a l  SRP. This c lay  i s  the  " tan  c lay"  described by Root (1980, 
1981). M l i k e  the  "green c lay" ,  t he  tan  c lay  i s  l a r g e l y  k a o l i n i t e  and tends 
t o  be s t i c k y  and p l a s t i c  rather than s l i c k  and b r i t t l e .  The tan c l a y  a l so  
tends t o  be ox id ized  (by weathering or ground water), and any f o s s i l s  or 
organic  mat ter  have been destroyed. 

Above t h i s  basa l  

The tan  c lay  grades upward i n t o  interbedded sands and very th in c lays.  
The f i ne  t o  medium quar tz  sand i s  moderately t o  w e l l  sorted, and occurs i n  
thin, f l a t  beds about 0.5 t o  6 in. th i ck .  The sand i s  angular t o  subangular 
and conta ins mica and dark heavy minerals. The heavy minera l  s u i t e  i s  
charac ter ized  by brown i lmen i te ,  z i rcon ,  brown hornblende, b i o t i t e ( ? ) ,  
s t a u r o l i t e ,  s i l l i m a n i t e ,  kyan i te ,  and magnetite. The thin c lay  beds are 
very t h i n l y  laminated and i r r e g u l a r .  The c lay  i n  these beds, as w e l l  as the  
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m a t r i x  c l a y  i n  the sand, i s  almost e n t i r e l y  k a o l i n i t e .  
interbedded sands and c lays  i s  comnonly 10- t o  3 0 - f t  t h i c k  and the  average 
g r a i n  s i z e  coarsens upward. 
evidence o f  burrowing organisms or remnants o f  she l l s .  
c o r r e l a t i v e  with t h e  Dry Branch Formation o f  Huddlestun and He t r i ck  (1979). 

This sequence o f  

Outcrops o f  t h i s  l i t h o l o g y  show l i t t l e  or no 
This l i t h o l o g y  i s  

The laminated sands and c lays  o f  t he  Dry Branch Formation are o v e r l a i n  
by poor l y  t o  moderately sorted, f i n e  t o  very coarse, quar tz  sand. Several 
l a y e r s  o f  ovoid-shaped grave l  commonly mark the t r a n s i t i o n  between the two 
l i thologies .  These upper sands t y p i c a l l y  have angular  t o  subangular  g r a i n s  
i n  a s l i g h t  c l a y  matr ix .  Mica and dark heavy minera ls  are a lso  present i n  
the  quar tz  sand. Brown i l m e n i t e  and s i l l i m a n i t e  are very abundant i n  the 
t y p i c a l  heavy-mineral assemblage along w i t h  z i rcon ,  r u t i l e ,  brown 
hornblende, and s t a u r o l i t e .  Cross bedding, wh i te  k a o l i n  c l a s t s ,  and t h i n  
wisps o f  whi te  c lay  are c h a r a c t e r i s t i c  o f  t h i s  l i t h o f a c i e s .  
sands and c lays  below, these upper sands are t y p i c a l l y  burrowed, commonly t o  
the p o i n t  of obscuring bedding. 

Un l i ke  the  

The base o f  the  Tobacco Road Sand o f  Huddlestun and He t r i ck  (1979) i s  
placed a t  the  f i r s t  g rave l  bed separat ing the interbedded sands and c lays  
from coarse, h i g h l y  burrowed, poor ly  sor ted  sands above; therefore, these 
upper Barnwel l  sands are considered t o  c o r r e l a t e  with the  Tobacco Road 
Sand. This  basa l  g rave l  i s  i n t e r p r e t e d  t o  represent a depos i t i ona l  
unconformity o f  unknown age range. 
t h i s  contac t  t o  be o f  l i t t l e  t ime s ign i f i cance,  bu t  i ts  importance can 
change with the  i n t e r p r e t a t i o n  o f  t he  age o f  the  Tobacco Road s t r a t a .  

Huddlestun and H e t r i c k  (1979) considered 

The s o r t i n g  and bedding i n  the Barnwel l  s t r a t a  and the  evidence o f  
burrowing organisms suggest t h a t  these sediments were deposited i n  a 
shallow, near-shore marine environment. 
sands and c lays  i n  the base of t he  Barnwell  are most e a s i l y  i n t e r p r e t e d  as 
t i d a l  f l a t  and back-barr ier  deposi ts  a t  the  edge o f  a t ransgress ing sea. 
The t a n  c lay  could be a back b a r r i e r  accumulation and the  interbedded sands 
and c lays  from a t i d a l  f l a t .  
c h a r a c t e r i s t i c s  o f  t he  s t r a t a  and the  l a c k  o f  b io tu rba t i on .  The g rave l  beds 
a t  the  base o f  the  Tobacco Road s t r a t a  probably r e f l e c t  the  unconformity 
produced as the t ransgress ing beach environment overlapped the b a r r i e r s  and 
t i d a l  f l a t s .  The h i g h l y  burrowed and cross-bedded sands o f  t he  Tobacco Road 
r e f l e c t  an open marine shoreface environment t h a t  was preserved by 
subsequent regress ion  o f  t he  sea. However, depending on the age o f  the  
Tobacco Road Sand, these shoreface deposi ts  may be remnants of a post-Eocene 
invas ion  o f  t he  sea. 

The tan  c l a y  and the  interbedded 

Th is  would exp la in  the sedimentary 

The age o f  t he  Barnwell  Group could no t  be establ ished i n  the v i c i n i t y  
o f  t he  DWPF because o f  the  absence of datable samples. 
a t  t he  SRP, however, are the  l i t h o l o g i c  equ iva len ts  of u n i t s  E7 and E8 (see 
tab le  1) o f  Prowel l  and others (1985a) i n  western South Caro l ina.  
Huddlestun and He t r i ck  (1986) r e p o r t  t h a t  t he  age of t he  lower Barnwel l  
s t r a t a  i n  Georgia i s  l a t e  Eocene. 
Barnwell  w i t h  t h e  Ocala Limestone of southern Georgia and F l o r i d a  and the  
Eocene p a r t  o f  the Cooper Formation of eastern South Carol ina. The upper 

The two formations 

Th is  age determinat ion c o r r e l a t e s  the  
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formations of the Barnwell Group, particularly the Tobacco Road Sand, are 
d i f f i c u l t  to date and therefore could be younger than l a t e  Eocene. Prowell 
and O'Connor (1978), Z u l l o  and others (1982), and Nystrom and others (1986) 
offered inconclusive evidence that  the Tobacco Road Sand may be as young as 
l a t e  Oligocene or Miocene. 
w i t h  the deposition of the upper part of the Cooper Formation i n  eastern 
South Carolina, we favor the age of the Barnwell Group being shown as l a t e  
Eocene u n t i l  bet ter  biostratigraphic evidence is available. 

Although the l a t e  Oligocene age would correspond 

Upland V l i t  

Nomenclature 

Sloan (1907, 1908) noted the extensive f luvial  deposits i n  Aiken and 
Barnwell Counties, S.C., and included them i n  h i s  Lafayette phase deposits 
of presumed Pleistocene age. These deposits were not reported by Cooke 
(1936), b u t  were noted by Lang (1940) and Siple (1967). 
these deposits w i t h  the Hawthorn Formation of Cooke (1936), b u t  s t a t e s ,  
"The designation of the deposit herein described a s  the Hawthorn Formation 
has been subject to as much difference of opinion as that  concerning the 
Barnwell Formation." 
paleon tologic evidence of the association of h i s  "Hawthorn" w i t h  other 
s t r a t a  i n  the Southeast. 
Formation was composed of phosphatic marl and sandy limestone; 
nevertheless, he chose to  assign the name to  the f luvial  deposits a t  the 
SRP. 
(1982) showed the widespread d i s t r i b u t i o n  of these f l u v i a l  deposits updip of 
the SRP i n  Aiken County, S.C. They informally referred to their  f luvial  
deposits as the upland unit.'O However, Nystrom and Willoughby (1982, 
p. 106) mistakenly correlated their  upland u n i t  w i t h  "al luvial  deposits of 
l a t e  Tertiary age' described by Siple (1967, p. 62, 63), and discussed l a t e r  
i n  t h i s  report. 
in to  the "Hawthorn Formation" mapped by Siple (1967, p l s .  1 and 3). 
choose to  use the informal term "upland u n i t "  i n  t h i s  report, t o  avoid the 
s t ra t igraphic  and l i thologic  connotations of the name "Hawthorn ." 

Siple equated 

Thus,  he had almost no d i rec t  l i thologic  or 

I n  addition, he recognized that  the type-Hawthorn 

In 1982, regional mapping by Nystrom and Willoughby (1982) and Kite 

88 

I n  fact ,  the upland u n i t  on their  maps projects direct ly  
We 

L i t  holoqy 

The upland u n i t  was deposited i n  a high-energy, h i g h l y  variable f luvial  
depositional environment. 
stream and river channels w i t h  extensive cross c u t t i n g  and r e f i l l i ng .  
l i thologic  var iabi l i ty  of f luvial  deposits makes a singular description 
d i f f i c u l t ,  and the scour and f i l l  structure eliminates any ver t ical  
stratigraphy. The upland u n i t  a t  the SW is characterized by three 
predominant l i thofaciesr (1) beds of gravel, cobbles, and poorly-sorted, 
cross-bedded sand, (2) beds of cross-bedded, f ine to  very coarse sand and 
gr i t  containing clay c l a s t s  and in-situ-weathered feldspars, and (3) 
b r i g h t l y  colored, massive beds of sandy clay. These l i thofacies  are 
described i n  t h i s  order i n  the following tex t ,  b u t  they can occur i n  any 
ver t ical  or horizontal sequence i n  local outcrops and d r i l l  holes. 

The deposits conform t o  the shapes of large 
The 
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The coarser l i thofacies  of the upland u n i t  is characterized by gravels 
and cobbles ranging i n  diameter from 0.5 to 4 i n .  These cobbles consist 
almost exclusively of Piedmont polycrystalline vein quartz, whereas almost 
a l l  of the gravel i n  older u n i t s  is crystal l ine clear and smokey quar tz .  
The gravels are typically found i n  a matrix of fine t o  very coarse, clayey, 
quartz sand containing abundant mica and white clay bal ls .  
out l ine the shapes of old f luvial  channels w i t h  the larger cobbles nearer 
the base. 
developed between the beds of finer gravel. 
developed on the north end of the SRP w i t h  a decrease i n  the number of 
cobbles t o  the south.  

The gravels 

The clayey sands are generally cross bedded and are  best 
T h i s  lithology is  best 

The most common l i thofacies  i n  the upland u n i t  is h i g h l y  cross-bedded, 
f ine to  very coarse sand and g r i t  containing large micas and weathered 
feldspars. The sand and g r i t  generally consists of angular t o  subangular 
quartz found i n  a matrix of kaol ini t ic  clay and large mica flakes. White 
kaol in i t ic  clay ba l l s  are also common i n  t h i s  lithology and may range from 
coarse sand to  cobble size.  
minerals that  have oxidized and given the upland u n i t  a d i s t inc t ive  
red-on-white color. 
square to  rhombohedral white clay c l a s t s  formed by the i n - s i t u  weathering of 
feldspars. 
unusual spotted appearance and were reported by Siple (1967, p. 57, 58) as 
features of h i s  Hawthorn Formation. Siple (1967, p. 60) also reported large 
clay-lined noded burrows i n  t h i s  u n i t  on the southeastern end of the SRP. 
We found similar burrows i n  t h i s  u n i t  southeast of the DWPF outside of the 
SRP boundary, which have been interpreted t o  suggest an estuarine 
environment fo r  parts of the upland u n i t .  

The sands also contain iron-bearing heavy 

T h i s  lithology is  characterized by small (0.2 i n . )  

These c l a s t s  give the typically pale to  medium-red sands an 

The l a s t  l i thofacies  i n  the upland u n i t  is massive sandy clay that 
The clay shows very l i t t l e  typically f i l ls  channels south of the DWPF. 

evidence of bedding and s u r p r i s i n g l y  l i t t l e  l i thologic  variation. 
percentage of sand i n  the clay is  generally coarse, angular quartz evenly 
dispersed throughout the surrounding clay. 
hackly fracture probably owing to  cyclic hydration and dessication. Very 
f ine,  dark, heavy minerals w i t h i n  the clay apparently have oxidized and 
s ta ined  t h e  u n i t  intense shades o f  red ,  orange, yellow, and pu rp le .  

The small 

T h i s  u n i t  has a character is t ic  

The strong cross bedding, poor sort ing,  and channel-form deposits of 
the upland u n i t  re f lec t  f luvial  deposition i n  a large river system. 
Regional mapping by Nystrom and Willoughby (1982), Nystrom and others 
(1986), and Prowell (unpublished data) indicates that  the upland u n i t  is 
present i n  Aiken, Barnwell, and Allendale Counties, S.C., and i n  Burke and 
Screven Counties, Ga. The map patterns suggest that  a large ancient r iver  
system may have existed along a north-south axis near the present Savannah 
River drainage basin. The angular in-situ-weathered feldspars suggest that  
t h i s  drainage system quickly eroded fresh rock sources i n  the Piedmont. The 
burrows present i n  the upland u n i t  immediately southeast of the SRP indicate 
that  t h i s  r iver  network flowed into a nearby sea and formed estuar ies  as far 
north as Dunbarton. T h i s  observation explains t h e  decrease i n  the amount of 
coarse gravel i n  the upland u n i t  on the south end of the SRP because of the 
lower stream gradients and current veloci t ies  i n  a fluvio-estuarine 
environment . 
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The age o f  t he  upland un i t  i s  the  sub jec t  of considerable controversy 
S ip le  

Th is  i s  cons is ten t  with Cooke and 

because o f  t he  t o t a l  absence of f o s s i l s  i n  the var ious  l i t h o f a c i e s .  
(1967) t e n t a t i v e l y  assigned t h i s  uni t  ( h i s  Hawthorn Formation) a Miocene age 
through downdip c o r r e l a t i o n  with Hawthorn deposi ts  exposed along t h e  
Savanna! R iver  i n  Effingham County, Ga. 
MacNeil s (1952) re ference t o  Hawthorn s t r a t a  i n  a r a i l r o a d  cu t  near 
Dunbarton a t  the  SRP. 
marine depos i t  u n l i k e  any o f  t h e  l i t h o l o g i e s  i n  the  upland unit .  
and Steele (1985) considered the  upland un i t  as a regress ive  phase o f  t h e  
Barnwel l  Group deposi t ion,  and by associat ion, appl ied a l a t e  Eocene age. 
Nystrom and others (1986) favor  downdip c o r r e l a t i o n  with the  middle Miocene 
Altamaha Formation (post-Hawthorn) of Huddlestun (1985), whereas McCartan 
and others (1984) o f f e r  evidence t h a t  the  upland un i t  may be as young as 
Pliocene. A t  t he  present  time, the  age o f  t h e  upland un i t  i s  bes t  
c l a s s i f i e d  as Miocene or younger. 

The t r u e  Hawthorn, however, i s  a carbonate-r ich open 
Colquhoun 

Colluvium and ( o r )  Alluvium 

Nomenclature 

A v a r i e t y  o f  s u r f i c i a l  deposi ts  present i n  the  v i c i n i t y  o f  t he  DWPF 
can genera l l y  be c l a s s i f i e d  as co l luv ium and(or) al luvium. I n  add i t ion ,  
p a r t  o f  t he  m a t e r i a l  mapped as c o l l u v i u n  on top o f  i n t e r f l u v i a l  areas can be 
c a l l e d  residuum. S i p l e  (1967) recognized these depos i ts  throughout the S W  
and termed them " a l l u v i a l  depos i ts  o f  l a t e  T e r t i a r y  age." Newell and others 
(1980) ex tens ive ly  s tud ied  s i m i l a r  depos i ts  updip o f  t h e  SW and concluded 
t h a t  they were the r e s u l t  o f  weathering, mass wasting, and aqueous t ranspor t  
o f  h igh - leve l  s t r a t a  down t o  l o c a l  drainages. Where the  sediment exh ib i t ed  
f a i r  so r t i ng ,  bedding of sands and c lays,  and flow-induced features such as 
cross bedding, t h e  deposi ts  were c l a s s i f i e d  as al luvium. Where the  
sediments were massive t o  poor ly  s t r a t i f i e d ,  poo r l y  sorted, 'and devoid o f  
c lay  l aye rs ,  t he  deposi ts  were c a l l e d  col luvium. The c o l l u v i a l  deposi ts  
mapped by Newell and others (1980) were l a r g e l y  conf ined t o  h i l l  tops and 
sides, whereas a l l u v i a l  deposi ts  were t y p i c a l l y  i n  va l l ey  bottoms. 
the  same general d i s t r i b u t i o n  o f  a l luv ium and co l luv ium i n  the  DWPF study 
area. 

We found 

L i tho logy  

sedimentary depos i t  bu t  r a t h e r  numerous smal l  remnants l e f t  by progress ive 
mass-wasting o f  t he  l and  surface. Hence, they are discontinuous masses and 
t h e i r  l i t h o l o g y  i s  d i r e c t l y  determined by the  l i t h o l o g y  o f  t he  o lder  s t r a t a  
be ing  eroded. 
c o r r e l a t i v e  w i t h  t h e  s t r a t a  i n  the  Barnwell  Group (Huddlestun and Het r i ck ,  
1986), whereas the  a l luv ium a l so  conta ins ma te r ia l s  from upland deposi ts  and 
the  McBean Formation. Most of t h e  co l luv ium and the  o lder  a l l u v i a l  deposi ts  
can be d is t ingu ished from t h e  reg iona l  Coastal P l a i n  s t r a t a  on the bas is  o f  
p l i n t h i t e s .  P l i n t h i t e s  a re  well-rounded, iron-cemented sand nodules formed 
by t h e  eros ion and t ranspor t  o f  i r o n - r i c h  l aye rs  from modern s o i l  p r o f i l e s .  
They are n o t  present i n  reg iona l  geolog ic  formations, but are t y p i c a l l y  
abundant i n  l o c a l  s u r f i c i a l  deposi ts  (Newell and others, 1980). 

The co l luv ium and (or) a l luv ium i n  the  DWPF study area i s  n o t  one l a r g e  

Generally, the  l i t h o l o g i e s  o f  t he  c o l l u v i a l  depos i ts  a re  
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The a l luv ium i s  l a r g e l y  conf ined t o  the v a l l e y  bottom o f  Upper Three 
Runs and l o c a l  t r i b u t a r i e s  such as McQueens Branch ( f i g .  2). 
cons i s t  o f  f i n e  t o  medium quar tz  sand t h a t  has f a i r  t o  moderate so r t i ng .  
Small amounts o f  mica are present i n  the  sand b u t  dark, heavy minera ls  a re  
genera l l y  absent. 
cross bedding i s  present  i n  o l d  channel f i l l s .  Older channel deposi ts  may 
conta in  well-rounded t o  ovoid, quar tz  g rave ls  from e i t h e r  the  upland 
depos i ts  or t he  Tobacco Road Sand, whereas younger sand deposi ts  conta in  
rounded, b lue  quar tz  g ra ins  from the  McBean Formation. 

These deposi ts  

Thin l a y e r s  o f  c lay  occur i n  swampy areas and small-scale 

The co l luv ium i s  bes t  developed on the s ides  o f  stream i n t e r f l u v e s  and 
Modern downcutting i n  l o c a l  drainages has i s  r e l a t i v e l y  th in  on h i l l  tops. 

t runcated t h e  toes o f  t he  o l d  c o l l u v i a l  deposi ts  p rov id ing  good exposures 5- 
t o  1 0 - f t  above present  stream l e v e l .  The co l luv ium i n  the  DWPF study area 
l a r g e l y  cons is t s  o f  unsorted t o  poor ly  sorted, f i n e  t o  very coarse, quar tz  
sand i n  a ma t r i x  o f  dense red  c lay.  
massive t o  very weakly s t r a t i f i e d  i n  a downslope d i r e c t i o n .  
i n  the  i n t e r v a l s  l a c k i n g  c lay ,  and dark heavy minera ls  are absent. 
c l a y  l a y e r s  and c l a y  c l a s t s  are absent and the  deposi ts  a re  h i g h l y  ox id ized  
(red). 
v a l l e y s  bu t  some have eroded i n t o  p o s i t i v e  topographic features. 
o thers (1980) noted t h a t  weathering and ox ida t ion  o f  c o l l u v i a l  s t r a t a  can 
"harden" t h e  depos i ts  so t h a t  they are more r e s i s t a n t  t o  eros ion than 
surrounding mater ia ls .  Hence, post -ox idat ion eros ion can r e s u l t  i n  a 
topographic reve rsa l  due t o  the  s t a b i l i t y  o f  the  r e s i s t a n t  col luvium. I n  
general, most o f  t he  n a t u r a l  h i l l s i d e s  along m p e r  Three Runs and i t s  
major t r i b u t a r i e s  a re  covered with co l luv ium t h a t  vary i n  th ickness from a 
few f e e t  t o  as much as 20 ft. Only t h e  t h i c k e s t  depos i ts  were inc luded on 
t h e  surface geologic  map i n  t h i s  r e p o r t  ( f i g .  8) .  

The deposi ts  a re  c h a r a c t e r i s t i c a l l y  
Mica i s  present  

D i s t i n c t  

C o l l u v i a l  deposi ts  genera l l y  conform t o  the  shape o f  o l d  stream 
Newel1 and 
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The age o f  the  co l luv ium and (or )  a l luv ium i n  the  DWPF study area i s  
unknown and very l i k e l y  va r ies  from one deposi t  t o  the  next. 
however, are c l e a r l y  r e l a t e d  t o  the  present  drainage morphology, which i s  
considered t o  be post-Miocene, and probably range i n  age from Pliocene t o  
e a r l y  Holocene. 

Age 
The deposits, 

D i s t r i b u t i o n  of  Strata 

Geologic Map 

The sur face geology was mapped i n  a 7-mi2 area around t h e  DWPF ( f i g .  8) 
t o  determine t h e  ex ten t  o f  stream d issec t i on  of t h e  geologic  formations and 
the  tan  and green c l a y  c o n f i n i n g  zones. Three o f  t h e  Coastal P l a i n  
s t r a t i g r a p h i c  u n i t s ,  t h e  McBean Formation, t he  Barnwel l  Group (Huddlestun 
and Het r i ck ,  1986), and t h e  upland unit ,  a re  present i n  outcrop above t h e  
base l e v e l  o f  Upper Three Runs. 
c u t s  west o f  t h e  map area near w e l l  FC-4AY p r o j e c t i o n  o f  outcrop a l t i t u d e s  
t o  the eas t  suggests t h a t  Upper Three Runs probably f lows on the  uppermost 
Congaree s t r a t a .  
Three Runs and crops out  j u s t  a t  the  top of t he  stream v a l l e y  al luvium. 
remaining s t r a t a  o f  t h e  McBean Formation crop ou t  as clayey sand and 
s i l i c i f i e d  sand and s i l t  i n  man-made exposures along the  southern b l u f f s  of 
Upper Three Runs and T inker  Creeks. 
the  basa l  Barnwel l  unconformity, crops out  on the  Upper Three Runs v a l l e y  
w a l l s  i n  the  eastern p a r t  of t h e  study area. Outcrop and borehole ( w e l l s  
SDS-7, 9S-12, and P14TA) in format ion suggests t h a t  the  t a n  c l a y  i s  n o t  
present  nor theas t  o f  t he  DWPF. 

The Congaree Formation i s  exposed i n  stream 

The green c lay  has apparently been completely c u t  by Upper 
The 

The tan  c lay ,  present  about 10 ft above 

The a l luv ium shown on the  geologic  map i s  l a r g e l y  i n  the  Upper Three 
Runs va l l ey ,  but thin deposi ts  o f  a l luv ium are a l s o  present i n  the va l l eys  
o f  major t r i b u t a r i e s  such as McQueens Branch. 
are n o t  shown on f i g u r e  8 because o f  scale. 
h i g h l y  d issected by l o c a l  streams, i t  i s  between 3- and 1 0 - f t  t h i ck .  

The smal ler  a l l u v i a l  depos i ts  
A t  p laces where the  a l luv ium i s  

Only the  l a r g e s t  depos i ts  of co l luv ium are  shown on f i g u r e  8 and the  
co l luv ium i s  mapped on ly  where good outcrops d e f i n e  t h e  ex ten t  o f  t he  
deposits. Colluvium probably covers most o f  t h e  steep slopes a long w p e r  
Three Runs and i t s  major t r i b u t a r i e s ,  but t h i s  could n o t  be v e r i f i e d  f o r  
i n c l u s i o n  on the  geologic map. S i m i l a r l y ,  smal l  patches o f  co l luv ium are 
present i n  o l d  depressions on the  upland unit ,  bu t  they are too  smal l  t o  
po r t ray  on the  geologic  map. 

Geologic Sections 

The l a c k  o f  core-hole samples i n  the  DWPF requ i red  t h a t  we examine 
samples from cored holes i n  adjacent areas t o  determine the  geologic 
con f igu ra t i on  o f  t he  subsurface. A sequence of f i v e  cored ho les  was used t o  
cons t ruc t  an east-west geolog ic  sec t ion  ( f i g .  6 )  from F Area t o  the  area 
eas t  o f  McQueens Branch, and four cored ho les  i n  conjunct ion with outcrops 
along Upper Three Runs were used t o  cons t ruc t  a nor th-south geologic  sec t i on  
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( f i g .  7) from Upper Three Runs t o  Fourmile Branch. 
common p o i n t  i n  Z Area ( w e l l  SDS-7), and t h e  north-south sec t ion  passes 
through t h e  DWPF and H Area. 
t he  tan  and green c lay  con f in ing  zones o f  Root (1980). 

The two sec t ions  share a 

Wel l  HC-1 i n  H Area i s  t h e  type sec t ion  f o r  

The geoloaic  sec t ions  show some impor tant  features o f  t he  tan  and green 
c lays  and the  
r e l a t i v e l y  continuous i n  the  western and southern p a r t s  the  study area, 
inc reas ing  i n  thickness t o  the  south; however, ava i l ab le  samples suggest 
t h a t  t h e  tan  c l a y  i s  n o t  present as a d i s c r e t e  l aye r  east  o f  t he  DWPF. 
loss o f  t h e  tan  c l a y  i n  the  s t r a t i g r a p h i c  sec t ion  seems r e l a t e d  t o  a 
topographic h igh  on the top  o f  t he  McBean Formation between S and Z Areas. 
The green c l a y  i s  r e l a t i v e l y  continuous throughout the  study area, and 
probably i s  t h e  most cons is ten t  impermeable l a y e r  i n  the  T e r t i a r y  geolog ic  
sect ion.  
character ized by a t h i c k  sandy c lay  t h a t  has s i m i l a r  c o n f i n i n g  p roper t i es  
according t o  Root (1980). 

dimin ishes t o  the  west ( w e l l s  FC-3A and FC-4A). 
from the  DWPF b u t  i s  l o c a l l y  absent i n  w e l l  HC-1. 
carbonate was found i n  w e l l  HC-1, a sequence o f  c lay  and f i n e  sand occupies 
the  same s t r a t i g r a p h i c  i n t e r v a l .  Carbonate may have been present du r ing  
depos i t ion  but subsequently removed by c i r c u l a t i n g  ground water, which seems 
t o  be t h e  case i n  outcrop exposures. 

calcareous zone" i n  the  McBean Formation. The tan  c l a y  i s  

The 

Where i t  i s  n o t  a d i s c r e t e  c l a y  l aye r ,  t h e  green c l a y  i n t e r v a l  i s  

The calcareous zone i s  best  developed i n  the  v i c i n i t y  o f  t h e  DWPF and 
The zone continues south 

Although no calcium 

St ruc ture  Con tou r  Maps 

Root (1980) recognized t h a t  the  most impor tant  geohydrologic u n i t s  
immediately south o f  t he  DWPF are the  t a n  and green c lay  layers .  
p o s i t i o n  and c o n t i n u i t y  o f  these con f in ing  u n i t s  has a majpr e f f e c t  on the 
subsurface ground-water system. We were able t o  use Root s (1980) data 
concerning t h e  tan  and green c lays  from H Area i n  combination with our 
geolog ic  i n v e s t i g a t i o n  t o  cons t ruc t  s t r u c t u r e  contour maps ( f i g s .  9 and 10) 
t h a t  show t h e  con f igu ra t i on  o f  t h e  two laye rs  i n  the  v i c i n i t y  o f  F Area, 
H Area, S Area (DWPF), Z Area (SDS), and Upper Three Runs. The maps 
i n d i c a t e  t h e  a l t i t u d e  o f  t he  top  o f  t h e  c lay  layers .  
l a y e r s  i s  n o t  shown because they are cons is ten t l y  on l y  2- t o  1 0 - f t  t h i c k .  
I n  add i t i on ,  the  l aye rs  have gradat iona l  boundaries and mapping t h e i r  
thicknesses i s  a mat ter  o f  i n t e r p r e t a t i o n .  

The 

The th ickness o f  t h e  

The s t r u c t u r e  contour map o f  t h e  top o f  t h e  green c l a y  ( f i g .  9 )  shows 
t h a t  the  l a y e r  i s  gent ly  s l o p i n g  t o  the  southeast with one anomaly j u s t  
south o f  t he  DWPF. 
extends n o r t h  i n t o  t h e  v i c i n i t y  o f  t he  DWPF. 
depos i t i ona l  because no e a s i l y  d isso lved rocks are known t o  e x i s t  below the  
green c l a y  i n  t h i s  area, and the  s t r u c t u r e  i s  n o t  dup l i ca ted  i n  the  tan c lay .  

i n d i c a t e s  t h a t  the  l a y e r  i s  r e l a t i v e l y  f l a t  i n  the  DWPF area, b u t  more 
impor tan t l y  i t  i s  absent i n  areas n o r t h  and east  o f  t he  DWPF. 
i s  a l so  l e s s  w e l l  de f ined than the green c lay  i n  many d r i l l  ho les  and 

An open depression about 10- f t  deep s t a r t s  i n  H Area and 
This fea tu re  i s  probably 

The s t r u c t u r e  contour map o f  t he  top o f  t he  tan  c l a y  ( f i g .  10) 

The tan  c lay  
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figure 9.--Altitude o f  the top o f  the green clay. 
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Figure  10.--Alti tude o f  the top o f  the t an  clay. 

29 



probably has less  continuity. 
continuous i n  downdip areas ( for  example, F and H Areas) and more localized 
and discontinuous i n  updip areas ( for  example S and Z Areas) due t o  expected 
downdip thickening. 

The tan clay is  more l ikely to  be la te ra l ly  

' 8 
E O  
36 

GEOLOGIC 
UNIT 

GROUND WATER 

HYDROGEOLOGIC 
UNIT 

I n  the geology section of t h i s  report ,  the stratigraphy, nomenclature, 
lithology, age, and distribution of t h e  sediments are described. 
given to u n i t s  w i t h  similar character is t ics  are based on l i thostratigraphy 
(rock s t r a t a )  and biostratigraphy ( fos s i l  s t r a t a ) .  In  t h i s  section, 
hydrogeologic character is t ics  are considered and the major hydrogeologic 
u n i t s  ( s t r a t a  designated by their hydrologic character is t ics  as e i ther  
aquifers or confining u n i t s )  are  defined. Figure 11 i l l u s t r a t e s  the 
relat ion between geologic and hydrogeologic u n i t s  a t  the site. 
is generalized and may vary depending on the location i n  the s t u d y  area. 
For example, i n  areas where the tan-clay confining u n i t  is  absent, the 
Barnwell and McBean aquifers become the Barnwell-McBean aquifer. 

The names 

T h i s  f igure 

Unsaturated zone 250- . .  . 

aquifer 

Z I  I:: .I 1. .: Congaree aquifer Congaree Formation . 

50 

Ellenton Formation 

Figure 11.--Correlation chart  f o r  geologic and hydrogeologic u n i t s .  
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Descr ip t i on  o f  Aquifers and Conf in ing  U n i t s  

An aqu i fe r  i s  a water-bearing i n t e r v a l  o f  rock or sediment t h a t  i s  
capable o f  y i e l d i n g  water i n  usable q u a n t i t i e s  t o  w e l l s  or springs. 
cons i s t  o f  a group of formations, a formation, or p a r t  o f  a formation, and 
i t  may inc lude  m a t e r i a l  o f  d i f f e r e n t  ages. 

I t  may 

Aqu i fe rs  i n  the  study area genera l l y  are separated by c o n f i n i n g  u n i t s  

They 
t h a t  are composed o f  m a t e r i a l  having low permeab i l i t y  such as c lay.  
Conf in ing units do n o t  y i e l d  s i g n i f i c a n t  amounts o f  water t o  we l ls .  
a l so  may be composed of m a t e r i a l  o f  d i f f e r e n t  ages. 

Three aqu i fe rs  and th ree  con f in ing  u n i t s  are de l ineated  i n  the  
T e r t i a r y  sediments beneath the  study area ( f i g .  11). 
are sec t i on  diagrams t h a t  i l l u s t r a t e  the  sequence o f  aqu i fe rs  and con f in ing  
u n i t s  t h a t  are o f  concern t o  t h i s  i nves t i ga t i on .  

F igures 12 and 13 

The unsaturated zone a t  t h e  study area extends v e r t i c a l l y  from land  
sur face through the  co l luv ium and (or) a l luv ium where present, t h e  upland 
unit, and i n t o  p a r t  o f  t he  Barnwel l  Group ( f i g .  11). The thickness o f  t h e  
unsaturated zone va r ies  with topography and depth t o  the water tab le.  The 
th ickness o f  t h e  upland un i t  alone averages 18 ft. Near the  center  o f  t he  
study area (Wel l  SDS-10) the unsaturated zone is approximately 60 ft thick. 
Moving away from the  center  o f  t he  topographic h igh  t o  the southwest (Wel l  
SDS-4A), t h e  unsaturated zone thins t o  approximately 25 ft. Values f o r  t he  
saturated h y d r a u l i c  conduc t i v i t y  for  the co l luv ium and (or)  a l luv ium are n o t  
ava i lab le .  The geometric mean f o r  the  saturated hyd rau l i c  conduc t i v i t y  o f  
t h e  upland un i t  was determined from f i v e  labora tory  measurements t o  be 
4x10-' f t / s  ( t a b l e  2). 

The water-table aqu i fe r ,  r e f e r r e d  t o  as t h e  Barnwell  aqu i fe r ,  cons i s t s  o f  
t he  saturated m a t e r i a l  o f  t h e  Barnwel l  Group above t h e  tan-clay c o n f i n i n g  
un i t  ( f i g s .  12 and 13). The a rea l  ex ten t  o f  t he  aqu i fe r  over the  study area 
i s  l i m i t e d  by t h e  a rea l  ex ten t  o f  t he  tan-clay con f in ing  unit .  The tan-clay 
c o n f i n i n g  uni t  i s  absent i n  the  nor theastern p a r t  o f  t h e  study area ( f i g s .  6 
and 10); there fore ,  the  Barnwel l  a q u i f e r  appears as a separate 
hydrogeologic un i t  on l y  south and west o f  Z Area. 
t h e  Barnwel l  a q u i f e r  has been i n c i s e d  s u b s t a n t i a l l y  by streams on three 
sides, which f u r t h e r  l i m i t s  i t s  c o n t i n u i t y  and a r e a l  extent .  
present, t h e  aqu i fe r  i s  r e l a t i v e l y  thin. 

Within the  study area, 

Overa l l ,  where 

The Barnwel l  Group seems t o  be q u i t e  heterogeneous. Laboratory and 
f i e l d  measurements o f  hyd rau l i c  conduc t i v i t y  range from lo-' t o  lo-' f t /s 
( t a b l e  2). Inc luded i n  tab le  2 i s  the  geometric mean o f  e i g h t  d i f f e r e n t  
t e s t s  conducted as p a r t  o f  t h e  waste/sediment i n t e r a c t i o n  s tud ies,  which 
y ie lded  a va lue o f  4 ~ 1 0 - ~  f t /s .  

clay." 
McBean aqu i fe rs  ( f i g .  11). 
slopes t o  the  southeast. 
t h i s  un i t  impedes t h e  downward f low o f  water from t h e  Barnwel l  a q u i f e r  t o  
the  McBean aqu i fe r .  
present, v e r t i c a l  movement o f  water i s  n o t  impeded ( f i g s .  12 and 13). 

Under ly ing t h e  Barnwel l  a q u i f e r  i s  what i s  known a t  t he  SRP as the  " t a n  
The t a n  c l a y  i s  a semi-confining unit  between the Barnwel l  and 

I t  ranges i n  thickness from 0 t o  10 ft, and 
Having a low hyd rau l i c  conduc t i v i t y  ( t a b l e  2), 

O f  course where the  tan  c l a y  c o n f i n i n g  unit  i s  n o t  
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SDS-7 HC-9 HC-1 HC-14 

50- 

B' 
FEET 

NOSAMPLES CLAYEY SlU AND FINE SAND 

SAND AND GRAVEL CLAY 

SAND SANDY LIMESTONE 

CLAYEY SAND 

Figure 13. --Hydrogeologic s e c t i o n  a long  l ine  B-8' . 
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Table 2.--Summary o f  hyd rau l i c  c o n d u c t i v i t y  data 

[ f t /s ,  feet  per  second; --, data n o t  ava i lab le ]  

U. S. Geo log ica l  
Geologic Regional data i abo ra to ry  data F i e l d  d a t a  F i e l d  data Survey 

unit  (Christensen and (D Appolonia,l981) (Parizak and (INTERA, 1985) l a b o r a t o r y  
Gordon, 1983) Root, 1984) da ta  

( f t / s )  ( f t / s )  (ft/s) ( f t / s )  ( f t / s )  

-- -- 4 x 10-5 Upland -- -- 
Barnwel l  a3.9 x 

2 x 10-5 -- c4 x Groupe 10-7 t o  10-5 b2.7 x lo- '  

Tan c lay  of -- b4.6 x lo- '  10-6 t o  10-5 -- 
o f  the  
Barnwel l  
Groupe 

McBean 
Formation 10-7 t o  10-5 

Green c lay  -- 
of t he  
McBean 
Formation 

10 -' t o  10-4 

dlo-'o t o  

C ong ar  e e 
Formation 7 x 10-5 -- 3.6 x 10-5 10-7 t o  10-4 -- 

Sandy fac ies  

Clayey sand fac ies  

Geometric mean o f  8 t e s t s  

Model-determined data (INTERA, 1986) 

a 

C 

e O f  Huddlestun and He t r i ck ,  1986 



I n  the northeastern part of the s t u d y  area, where the tan clay is 
absent, water levels  i n  wells indicate that the Barnwell and McBean aquifers 
are hydraulically connected. Therefore, for discussion i n  t h i s  report these 
aquifers are considered as a single composite aquifsr which is referred t o  as 
the Barnwell-McBean aquifer. 

The McBean aquifer consists of the Barnwell Group sediments beneath the 
tan-clay confining u n i t  and the McBean Formation sediments above the 
green-clay confining u n i t .  Hydraulically, the McBean aquifer can be 
considered one aqu i fe r ,  even though i t  has two, and poss ib ly  three, 
d i s t inc t  stratigraphic zones: (1) an upper sandy zone (2)  a middle 
transit ion zone, and (3) a lower calcareous zone. Hydrologic data 
pertaining t o  individual zones are n o t  available. 
found t o  contain large cavities.  While d r i l l i n g  i n  that  zone, instances 
occurred when d r i l l  pipe f e l l  i n  free-fall  and d r i l l i n g  f l u i d s  were l o s t  
( I N E R A ,  1986). 
suggest that  t h i s  zone is quite permeable. To examine t h i s  p o s s i b i l i t y ,  
aquifer t e s t s  were conducted on the calcareous zone, and resu l t s  indicated a 
lower hydraulic conductivity i n  t h i s  zone than i n  the upper (sandy zone) 
McBean aquifer ( I N T E R A ,  1986). I t  seems that cavi t ies  found d u r i n g  d r i l l i n g  
are not interconnected. Additionally, Christensen and Gordon (1983) suggest 
that  the regional permeability of the calcareous zone is lower than the 
d r i l l i n g  a c t i v i t i e s  suggest. 
from lo-' t o  lo-" ft/s ( table  2) .  

The lower zone has been 

The d r i l l i n g  f l u i d  losses and cavi t ies  i n  the McBean 

Hydraulic conductivities o f  the aquifer range 

The McBean aquifer also has been incised by local streams. I n  t h e  
southern half of the s t u d y  area, east  and west of  DWPF, McQueens and Crouch 
Branches down cut i n t o  the aquifer t o  varying degrees ( f i g .  12 ) .  
n o r t h  and northwest, Upper Three Runs down cuts through the Barnwell-McBean 
aquifer. As a r e su l t ,  the McBean aquifer is continuous o n l y  s o u t h  of  S Area 
( f i g s .  12 and 13). 

To the 

The Barnwell-McBean aquifer is restr ic ted t o  the northern half of the 
s t u d y  area ( f ig s  12 and 13). 
t h i s  aquifer are similar t o  the Barnwell and McBean aquifers. 
Runs down cuts  deeply i n t o  the aquifer, and i n  the northwestern part of the 
s t u d y  area, completely through the aquifer. 

The McBean or the Barnwell-McBean aquifers are hydraulically separated 
from the Congaree aquifer by a low-permeability u n i t  known as t h e  
clay." The green-clay confining u n i t  ( f i g .  9) seems t o  be continuous 
throughout the s t u d y  area, and is  the o n l y  competent confining u n i t  w i t h i n  
the Tertiary sediments. The thickness of t h i s  u n i t  averages approximately 
10 f t  ( f i g s .  12 and 13) and the slope is t o  the southeast, similar t o  that 
of the tan-clay confining u n i t .  
through the green-clay confining u n i t  is  Upper Three Runs i n  the western 
part of the s t u d y  area ( f i g .  13). We were unable t o  f i n d  any measurements 
of ver t ical  hydraulic conductivity for  the green-clay confining u n i t  i n  the 
l i t e r a tu re  of the s t u d y  area. 
lo-' ft/s) was estimated from sensi t ivi ty  analyses performed by INTERA 
(1986) while calibrating the i r  ground-water flow model of Z Area ( table  2) .  
These estimated values indicate that the green-clay confining u n i t  has a 
lower hydraulic conductivity than the tan-clay confining u n i t .  

I t  is assumed that hydraulic properties of 
Upper Three 

I# green 

The o n l y  stream t o  down cut i n t o  and 

However, a range of  possible values (lo-' ' t o  
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The Congaree aquifer i s  t he  deepest aqu i fe r  considered i n  t h i s  repor t .  
The aqu i fe r  cons is ts  o f  sediments of t h e  McBean Formation beneath t h e  green 
c l a y  and o f  t he  Congaree Formation. 
Three Runs i n  the  northwestern p a r t  o f  t he  study area. 
area, t he  Congaree aqu i fe r  genera l l y  i s  considered t o  be t h e  most p roduc t ive  
aqu i fe r .  The hyd rau l i c  conduc t i v i t y  i s  var iab le ;  an average value, based on 
repor ted values i n  o ther  s tud ies,  probably i s  on the  order o f  lo-’ f t / s  
( t a b l e  2) 

The aqu i fe r  i s  i nc i sed  only  by Upper 
Within the  study 

The E l l e n t o n  conf in ing  un i t  i s  t h e  lower l i m i t  o f  our i n v e s t i g a t i o n  a t  
t he  DWPF and v i c i n i t y .  Few geohydrologic data have been repor ted f o r  the  
E l l e n t o n  Formation i n  the  study area. 
an upper c l a y  sec t i on  ( con f in ing  uni t )  and a lower clay-sand sec t ion  
(aquifer).  
the ove r l y ing  Congaree aqu i fe r  and the under ly ing  Cretaceous aqui fers .  No 
streams i n  the study area i n c i s e  t h e  E l l e n t o n  conf in ing  un i t  or t he  
Cretaceous aqu i fe r .  
conduc t i v i t y  da ta  on e i t h e r  the  c o n f i n i n g  uni t  or aqu i fe r .  

The E l l e n t o n  Formation is composed o f  

The upper c lay  seems t o  be the  major c o n f i n i n g  un i t  between 

We were unable t o  f i n d  any v e r t i c a l  hyd rau l i c  

Water Levels  and Ground-Water Movement 

The water l e v e l s  t h a t  de f i ne  the  po ten t iomet r ic  surfaces and d i r e c t i o n s  
o f  flow within and between aqu i fe rs  and con f in ing  u n i t s  a re  examined i n  
t h i s  sect ian.  
u n i t s  beneath t h e  DWPF and v i c i n i t y  moves through the  i n te rg ranu la r  spaces 
within these u n i t s  i n  response t o  d i f fe rences  i n  hyd rau l i c  head. The r a t e  
and d i r e c t i o n  o f  movement i s  c o n t r o l l e d  by the  hyd rau l i c  conduc t i v i t y  o f  the 
u n i t s  (a  measure o f  t h e i r  a b i l i t y  t o  t ransmi t  water) and by t h e  hydrau l i c  
g rad ien t  ( t h e  d i f f e r e n c e  i n  the  hyd rau l i c  head within and between the  
un i t s ) .  

The ground water t h a t  saturates the  aqu i fe rs  and con f in ing  

Water l e v e l s  were measured i n  34 SDS w e l l s  ( f i g .  3 )  du r ing  August and 
September 1986 ( t a b l e  3 ) .  
var ious SRP pub l i ca t i ons  ( t a b l e  3). 
of t he  hydro log ic  i n t e r p r e t a t i o n  based on water - leve l  da ta  i s  e n t i r e l y  
dependent upon the  i n t e g r i t y  o f  t he  w e l l  cons t ruc t i on  and the  accuracy o f  
the  var ious p e r t i n e n t  cons t ruc t i on  measurements. 
recognized and attempts were made t o  minimize t h e i r  impact. 
t o  c o l l e c t  water - leve l  da ta  i n  S Area t o  supplement concurrent  SDS 
moni to r ing  w e l l  da ta  because of t he  removal o f  S Area moni tor ing w e l l s  p r i o r  
t o  cons t ruc t i on  o f  t h e  DWPF. Therefore, po ten t iomet r ic  maps developed by 
Christensen and Gordon (1983) a re  used t o  a i d  i n  the understanding o f  
ground-water movement throughout the  e n t i r e  study area. 
(1986) presents  water- leve l  measurements i n  the  34 SDS w e l l s  beginning i n  
1982 and ending i n  ea r l y  1986. 

Well cons t ruc t ion  i n fo rma t ion  was obtained from 
The reader should no te  t h a t  the accuracy 

Some incons is tenc ies  were 
We were unable 

Add i t i ona l l y ,  Cook 

The poten t iomet r ic  surface of t he  Barnwell-McBean aqui fer  dur ing  
September 1986 i s  shown i n  f i g u r e  14. 
represents the  top o f  the  zone of sa tura t ion ,  which, by d e f i n i t i o n  i s  t h e  
water tab le .  
c o n f i n i n g  uni t  i s  present. 

Th is  po ten t iomet r ic  sur face 

Also shown i n  f i g u r e  14 i s  t he  area i n  which the tan-clay 
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Table 3.--Well construction information and water levels for selected wells i n  s t u d y  area 

[--, not  determined 

A l t i t u d e  A l t i t u d e  A l t i t u d e  
Well Aqui fer  o f  screen Screen top  of of water 

Remarks length*  casing * l e v e l s  number screened bottom* 
above sea l e v e l  [ f ee t )  above sea l e v e l  above sea l e v e l  

( f ee t )  ( f e e t )  ( f ee t )  
August September 

1986 1986 

SDS-1 
SDS-2 
SDS-3A 
SDS-4 
SDS-4A 
SDS-5 
SDS-6 
SDS-7A 
SDS-7B 
SDS-7c 
SDS-7D 
SDS-8 
SDS-9 
SDS-10 
SDS-11 
SDS-12A 
SDS- 128 
SDS- 12C 
SDS- 13 

SDS-14A 
SDS- 15 
SDS- 16A 
SDS-166 
SDS-17 

SDS-20A 
SDS-20B 

SDS-21A 
SDS-21s 
SD 5-2 1 C 
SDS-226 
SDS-22C 

SD S- 14 

:dn SDS-18A 

SDS-20C 

Barnwell -McBean 
Bar nwe l l  -McBean 
Barnwell-McBean 
McBean 
Barnwell 
McBean 
Barnwell -McBean 
Congaree 
McBean 
Barnwell-McBean 
Bar nwe 11-McBean 
Barnwell-McBean 
Barn w e l l  
Bar nwe l l  
Bar nwe l l  -McBean 
Congaree 
Barn we1 1 -McBean 
Barnwell-McBean 
Barnwell-McBean 
Barnwell-McBean 

Barn we1 1 - McBean 
Congaree 
Congar ee 
McBean 
Barnwell-McBean 
Congar ee 
Bar nwell-McBean 
Barnwell-McBean 
Congaree 
Barnwell-McBean 
Barnwell-McBean 
Barn we1 1-McBean 
Bar nwell-McBean 

-- 

214.4 
215.6 
210.5 
185.4 
228.4 
218.2 
216.9 
75.0 

135.3 
184.2 
205.6 
201.9 
223.1 
225.7 
219.3 
136.4 
186.7 
206.1 
204.4 
200.9 
252.8 
212 .o 
-- 
-- 

196.6 
206.0 
101.4 
165.4 
190.6 
97.7 

153.4 
175.7 
189.1 
213.2 

20 
20 
20 
20 

5 
20 
20 

5 
5 
5 

20 
20 
20 
20 
20 

5 
5 

20 
20 
20 

5 
5 
5 
5 

20 
20 

5 
5 

20 
5 
5 

20 
5 

20 

295.1 
289.6 
292.5 
257.4 
257.6 
289.8 
290.0 
278.8 
278.0 
277.2 
277.2 
272.1 
295.7 
295.2 
291.9 
278.7 
278.7 
279.1 
277.4 
271 .O 
271.0 
284.9 
233.6 
233.6 
271.3 
258.6 
263.8 
263.8 
264.1 
253.7 
252.5 
252.5 
290.2 
289.9 

227 .O 
227.7 
233.5 
229.7 

233.7 
227.4 
170.3 
205.7 
212.5 
214.2 
216.4 
236.0 
235.0 
232.7 
164.2 
216.0 
216.7 
208.0 
223.0 

223.8 
172 .O 
169.9 
222 .o 
202.6 
165.3 
212.5 
213.9 
162.1 
208.1 
207.3 
222.8 
229.1 

-- 

227.5 
227.7 
233.7 
230.1 
232.2 
234.2 
227.7 
170.0 
206.1 
212.9 
214.6 
217 .O 
236.1 
235.2 
233.1 
164.0 
216.2 
216.9 
207.9 
222.4 Perched 
259.0 Perched 
223.7 
171.7 
169.6 
222.2 
203.1 
166 .O 
212.8 
214.2 
161.9 
208.3 
207.5 
223.2 
229.4 
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-21 POTENTIOMETRIC CQNTOUR-Shows altitude at which water 
would have stood in ti tly cased wells, September. 1986. Dashed 

Altitude of water level, 
WELL USED AS CONTROL POINT-- in feet above sea level 

Well number 

where approximately ? ocated. Contour interval 10 feet. Datum IS sea level. 

Figure  14.--Potentiometric surface o f  t h e  Barnwell-McBean aqu i fe r  i n  
v i c i n i t y  o f  study area. 
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1 
I n  Z Area the  a l t i t u d e  o f  t he  water tab le  i s  est imated t o  range from 

208 t o  229 ft above sea l e v e l .  Perched water can be found within t h i s  
composite aqu i fe r  (SDS-l4A, -14), where discontinuous c lay  lenses impede the 
downward m ig ra t i on  o f  pe rco la t i ng  water (Sargent, 1984). 

The d i r e c t i o n  o f  ground-water f low i n  the Barnwell-McBean aqu i fe r  is 
perpendicu lar  t o  the  po ten t iomet r ic  contours ( f i g .  14), and i s  in f luenced 
s u b s t a n t i a l l y  by t h e  i nc i sed  streams surrounding t h e  study area. Because 
the  streams lower the hydrau l i c  head, ground-water f low i s  from t h e  
in te rs t ream area towards the  bounding streams. 

presented by Christensen and Gordon (1983) based on 1968 data has been 
modif ied, and i s  presented i n  f i g u r e  15 t o  i l l u s t r a t e  the  d i r e c t i o n  o f  
ground-water f low over the e n t i r e  study area. 
t h e  shape o f  t h e  topography, with very l i t t l e  w e l l  c o n t r o l  (J.L. Steele, 
DuPont, w r i t t e n  commun., 1988). 
t he  map; however, t h e  contour pa t te rns  are s i m i l a r  ( f i g s .  14 and 15). The 
d i r e c t i o n  o f  ground-water f low i n  the southern p a r t  o f  t he  study area i s  
northward. From our present geologic knowledge of t h e  area, i t  seems t h a t  
f i g u r e  15 represents water l e v e l s  from w e l l s  completed i n  the  
Barnwell-McBean aqu i fe r  n o r t h  o f  Road F (where the  tan-clay c o n f i n i n g  m i t  
i s  absent), whereas south o f  Road F, (where the  tan-clay c o n f i n i n g  uni t  i s  
present) t h e  map r e f l e c t s  water l e v e l s  from w e l l s  completed i n  the  Barnwell  
aqu i fe r .  However, because water l e v e l s  (contour pa t te rns)  of bo th  aqu i fe rs  
a re  thought t o  approximate the  water tab le ,  f i gu re  15, even though based on 
minimal data, i s  u s e f u l  f o r  determining the  d i r e c t i o n  o f  t h e  water- tab le 
gradient ,  and f o r  i n f e r r i n g  t h e  d i r e c t i o n  of l a t e r a l  f low over a wider area 
than our data (SDS we l l s )  permi t .  On th is  basis, i t  seems t h a t  t he  l a t e r a l  
component o f  ground-water f low i n  the  Barnwell  below the  DWPF i s  t o  the  
northwest and west. 

For comparison purposes a po ten t iomet r ic  surface map o f  t h e  water t a b l e  

The map i s  based mainly on 

I n d i v i d u a l  data p o i n t s  a re  n o t  i n d i c a t e d  on 

I n f l o w  t o  the  Barnwell-McBean aqu i fe r  comes from i n f i l t r a t i n g  
p r e c i p i t a t i o n  and from l a t e r a l  f low o f  water from t h e  south. 
water-table aqu i fe r  p r i m a r i l y  discharges t o  l o c a l  streams. 
v e r t i c a l  g rad ien t ,  t he  p o t e n t i a l  e x i s t s  for  water t o  leak  through the  
green-clay c o n f i n i n g  un i t  i n t o  the  deeper Congaree aqu i fe r .  
tan-clay conf in ing un i t  i s  present, t h e  Barnwel l  aqu i fe r  leaks water t o  t h e  
under ly ing  McBean aqu i fe r .  

The a l t i t u d e  o f  hyd rau l i c  head a t  three w e l l s  open t o  the  McBean 
aqu i fe r  du r ing  September 1986, i s  shown i n  f i g u r e  16. Also shown i s  the  
area i n  which the  tan-clay conf in ing  un i t  i s  present. Water- level a l t i t u d e s  
range from a h i g h  o f  234 f t  a t  SDS-5 t o  a low o f  222 ft above sea l e v e l  a t  
SDS-17. 
cond i t ions .  
SDS-15, -2, -11, and -1 might a l so  be in f luenced by a d iscont inuous tan-clay 
c o n f i n i n g  uni t ,  but wi thout  a d d i t i o n a l  da ta  we cannot p resent ly  conf i rm t h i s  
p o s s i b i l i t y .  

The 
Because o f  the 

Where the  

Water i n  the  th ree  w e l l s  shown on f igure  16 are  under conf ined 
Water- level a l t i t u d e s  of o ther  w e l l s  i n  the  area, such as 
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Figure 15.--Potentiometric surface o f  the water table in vicinity 
o f  study area. 
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Figure  16.--Hydraulic head measurements of the  McBean aqu i fe r  i n  
v i c i n i t y  o f  study area. 
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Figure 17 i s  a po ten t i omet r i c  sur face map o f  t h e  upper McBean 
aqu i fe r  i n  the  v i c i n i t y  o f  t he  study area (modi f ied from Christensen and 
Gordon, 1983). 
p o i n t s  within the  study area, and probably was based p r i m a r i l y  on the shape 
o f  t he  topography. 
aqu i fe r )  and unconfined (Barnwell-McBean aqu i fe r )  cond i t i ons  i n  the  McBean 
Formation owing t o  the  presence or absence o f  t h e  tan-clay con f in ing  unit. 
It i s  d i f f i c u l t  t o  determine with c e r t a i n t y  the  d i r e c t i o n  o f  ground-water 
flow i n  the  McBean a q u i f e r  from f i g u r e  16. Nevertheless, with the  a i d  of 
f i g u r e  17 and the  water-table map ( f i g .  14), an in fe rence can be made t h a t  
ground water i n  the  McBean aqu i fe r  genera l l y  f lows t o  the  n o r t h  and then 
moves r a d i a l l y  from the  in te rs t ream area t o  the bounding streams. 

The map was const ructed us ing  a minimal number o f  data 

This map apparently r e f l e c t s  both conf ined (McBean 

I n f l o w  t o  the  l o c a l  sec t ion  o f  t h e  McBean aqu i fe r  i s  l a t e r a l l y  from 
the  south, and from v e r t i c a l  leakage through the  ove r l y ing  tan-clay 
c o n f i n i n g  unit .  
along stream cu ts ,  or  as seepage through the streambeds and leakage t o  the 
under ly ing  Congaree aqu i fe r .  

Discharge from the  McBean aqui fer  occurs e i t h e r  as seeps 

The v e r t i c a l  g rad ien t  between the Barnwel l  and McBean aqu i fe rs  i s  
downward. 
aqu i fe r  and SDS-4 completed i n  the  McBean aqu i fe r .  
across t h e  con f in ing  un i t  i s  approximately 2 ft i n  t h i s  p a r t  o f  the  
study area. 
d i f f e r e n c e  i s  observed. 

This i s  demonstrated i n  w e l l s  SDS-4A completed i n  the  Barnwell  
The head d i f f e rence  

However, where the  tan-clay conf in ing  unit  is absent, no head 

The green-clay con f i n i n g  uni t  separat ing t h e  Congaree aqu i fe r  from the  
o v e r l y i n g  aqu i fe rs  i s  continuous throughout the  study area ( f i g s .  12 and 
13). 
lower than i n  the  ove r l y ing  Barnwell-McBean aqu i fe r ,  i n d i c a t i n g  a 
s i g n i f i c a n t  downward grad ien t  between these two aqui fers .  

The hydrau l i c  head i n  the  Congaree aqu i fe r  i s  approximately 50 ft 

F igure  18 shows the  estimated po ten t iomet r ic  surface o f  t h e  Congaree 
The approximate a l t i t u d e  o f  t he  po ten t i omet r i c  sur face was 

The a l t i t u d e  o f  t h e  po ten t iomet r ic  sur face i n  the  Congaree aqu i fe r  

aqu i fe r .  
const ructed from water - leve l  measurements made i n  5 w e l l s  du r ing  September 
1986. 
ranges from 162 t o  172 ft ( f i g .  18). The d i r e c t i o n  o f  ground-water f low 
seems t o  be toward t h e  northwest. The top o f  the  aqu i fe r  near Upper Three 
Rms i s  a t  an a l t i t u d e  o f  approximately 160 t o  170 ft. 
i n c i s e d  the  aqu i fe r  where the  streambed a l t i t u d e  i s  approximately 150 ft. 
We be l ieve ,  therefore,  t h a t  near these f a c i l i t i e s ,  t he  Congaree aqu i fe r  
discharges t o  Upper Three Runs. 
Congaree aqu i fe r  a t  t he  Savannah R iver  P l a n t  prepared by Christensen and 
Gordon (1983, f i g s .  3-19) shows t h a t  Upper Three Runs ac ts  as a d r a i n  f o r  
t he  Congaree aqu i fe r  i n  the study area ( f i g .  19). 

Upper Three Runs has 

A map of t he  po ten t iomet r ic  sur face o f  t he  

SURFACE WATER 

Three streams p e r t i n e n t  t o  t h i s  study are Upper Three Runs, McQueens 
Branch, and Crouch Branch. Upper Three Runs, which i s  t he  northwestern 
l i m i t  o f  our study area, o r i g i n a t e s  ou ts ide  t h e  boundary o f  the  Savannah 
R iver  P lan t .  The U.S. Geological Survey mainta ins a streamflow gaging 
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Figure 17.--Potentiametric surface of t he  upper McBean a q u i f e r  i n  
v i c i n i t y  o f  study area. 
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Figure 18.--Estimated potentiometric surface o f  the Congaree aquifer i n  
vicinity o f  s t u d y  area. 
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Figure 19.--Potentiometric sur face o f  t h e  Congaree a q u i f e r  a t  the 
Savannah R iver  P lan t .  
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s t a t i o n  i n s i d e  the  P l a n t  area on @per Three Rms near New E l len tog ,  South 
Caro l ina ( f i g .  20). 
Average discharge over 19 years of gecord i s  107 ft /s, with extremes i n  
discharge ranging from 49 t o  472 ft /s (U.S. 
Upper Three Runs has eroded v a l l e y s  with steep southeastern banks and gent ly  
s lop ing  northwestern banks owing t o  the  southeaster ly  d i p  o f  the  rock. 
seems t h a t  Upper Three Runs i s  eroding predominantly i n  a downdip 
d i r e c t i o n  

The drainage area above t h i s  sgat ion i s  87 m i  . 
Geologica l  Survey, 1986). 

I t  

A second s t a t i o n  maintained by t h e  U.S. Geological Survey on Upper Three 
Runs i s  loca ted  above Road C approximately 9 r i v e r  m i les  downstream from 
thf gage near New E l l en ton  ( f i g .  20). 
m i  . 
206 f t  /s (U.S. GeologiGal Survey, 1986). Extremes for per iod  o f  record 
range from 113 t o  962 ft /s (U.S. Geologica l  Survey, 1986). 
t r i b u t a r i e s  discharge i n t o  Upper Three Runs between these two gaging 
s ta t ions ;  there fore ,  a d i r e c t  determinat ion of gain/ loss along t h e  stream 
channel i s  n o t  poss ib le  with the cu r ren t  streamflow gaging-stat ion network. 
Nevertheless, t h e  two gaging s t a t i o n s  can be compared by t a k i n g  t h e  average 
discharges measured a t  each gage f o r  equ iva len t  per iods and normal iz ing  them 
t o  t h e i r  own drainage areas. The average discharge measured a t  Upper Three 
Runs above Road C was presented above f o r  an 11-year pe r iod  (1974-1985). 
The same 11-year pe r iod  was used t o  determine an average discharge a t  Upper 
Three Runs near New El lenton.  For tha t  period, t h e  average discharge B t  
Upper Three Runs near New E l l en ton  and above Road C are 104 and 206 ft /s, 
respec t ive ly .  A f t e r  d i v i d i n g  t h e  discharges by ths i r  resqec t ive  drainage 
areas, t he  normalized values are 1.20 and 1.17 ( f t  /s)/mi , respec t ive ly ,  
i n d i c a t i n g  s i m i l a r  streamflow c h a r a c t e r i s t i c s  between the upper and lower 
drainage bas ins 

This  gage has a drainage area o f  176 
Jhe gage has been i n  serv ice  s ince 1974 and the  average discharge i s  

A number o f  

Two t r i b u t a r i e s  o f  Upper Three Runs i n  the study area are  McQueens 
Branch and Crouch Branch. Both t r i b u t a r i e s  rece ive  sur face r u n o f f  from S 
and Z Areas. F igure 20 shows the  o u t l i n e  o f  these two drainage 
basins. MSQueens Branch and Crouch Branch bas ins have drainage areas o f  4.3 
and 1.1 m i  , respec t ive ly .  Streamflow gaging s t a t i o n s  were i n s t a l l e d  as 
p a r t  o f  t h i s  p r o j e c t  on McQueens Branch and Crouch Branch as shown i n  f i g u r e  
20. Data c o l l e c t i o n  began a t  each s i t e  on February 25, 1986. 
1986, however, the  gaging s t a t i o n  on McQueens Branch was d is rup ted  owing t o  
beavers damming t h e  creek upstream from the  gaging s ta t i on .  
Branch, streamflow data  were co l l ec ted  u n t i l  November 17, 1986, j u s t  p r i o r  
t o  p r o j e c t  terminat ion.  

By May 14, 

A t  Crouch 

Dur ing t h e  pe r iod  o f  da ta  c o l l e c t i o n ,  t he  area was i n  a drought 
cond i t ion .  
c m d i t i o n  i n  which a l l  streamflow r e s u l t s  from ground-water discharge 
(base f low)  i n t o  the  stream. 
t h e  pe r iod  o f  data c o l l e c t i o n ,  meaningful stage-discharge r a t i n g  curves 
could n o t  be developed f o r  e i t h e r  stream. 
he igh ts  for the  pe r iod  o f  record. 
because they are i nd i ces  of streamflow p r i o r  t o  l a r g e  sca le  development 
a t  S and Z Areas. 
stage-discharge r e l a t i o n  i s  developed f o r  each t r i b u t a r y .  

The streamflow measured a t  t he  gages represents a low-flow 

Because these low flows pe rs i s ted  throughout 

Tables 4 and 5 show measured gage 
The gage he igh ts  have been inc luded 

These data cou ld  be used fo r  fu tu re  comparison i f  a 
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I V a m a h  River Plant l:UKKx11883 w KllDMETER 
EXPLANATION - WATERSHED BOUNDARIES 

DRAINAGE DIVIDE FOR GAGE - - -  
A STREAMFLOW GAGING STATION 

Figure 20.--Delineation of bas ins for McQueens Branch and Crouch Branch 
t r i b u t a r i e s  t o  Upper Three Runs. 
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Table 4.--Gaqe height  data co l l ec ted  a t  McQueens Branch near S Area a t  
Savannah River P lant ,  S.C. (021973010) for the per iod  o f  record 

[---, n o t  determined or missing d a t a  

Location:--Lat 33°188348*, long 81°38'028', Aiken County, on l e f t  bank, 

Drainage area:--3.6 square miles 
Period o f  record:--February 25, 1986 t o  June 27, 1986 
Gage:--Digital water-stage recorder. 

Remarks:--No other gages have operated on t h i s  stream. 

0.75 m i l e  northeast o f  in te rsec t ion  o f  Savannah River Plant 
Roads F and 4. 

Elevation o f  gage is 168 fee t  above 
sea l e v e l  (from topographic map). 

Gage heights a f te r  
May 14 show e f fec ts  o f  beaver dam. 

Gage height during 1986 
( feet  1 

mean vslues 

Day 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Mean 
Maximum 
Minimum 

Mar. 

1.28 
1.29 
1.28 

1.28 
1.26 

1.29 
1.29 
1.31 
1.34 
1.32 

1.24 
1.10 
1.23 
1.48 
1.22 

1.17 
1.32 
1.32 
1.53 
1.54 

1.40 
1.38 
1.42 
1.41 
1.41 

1.44 

1.42 
1.43 
1.57 
1.72 

1.43 

1-36 
1.72 
1.10 

Apr . 
1.74 
1.80 
1.85 
1.86 
1.90 

1.88 
1.89 
1.96 
1.92 
1.86 

1.84 
1.87 
1.81 
1.81 
1.80 

1.80 
1.79 
1.80 
1.82 
1.78 

1.79 
1.81 
1.83 
1.85 
1.83 

1.85 
1.87 
1.85 
1.85 
1.86 --- 
1.84 
1.96 
1.74 

May 

1.85 
1.84 
1.85 
1.86 
1.85 

1.87 
1.86 
1.93 
1.91 
1.85 

1.82 
1.87 
1.95 
1.87 
1.79 

1.91 
1.96 
1.95 
1.97 
1.95 

1.95 
1.96 
1.96 
1.96 
1.97 

1.95 
1.97 
1.99 
2.00 
1.96 
1.98 

1.91 
2.00 
1.79 

June 

1.97 
1.96 
1.98 
2.04 
2.00 

1.97 
1.97 
1.99 
1.96 
2.31 

1.98 
1.67 
1.56 
1.58 
1.61 

1.57 
1.55 
1.58 
1.78 
1.56 

1.42 
1.45 
1.42 
1.43 
1.43 

1.42 
1.45 --- 
--- 
--- 
--- 
--- 
--- --- 



Table 5.--Gage he igh t  data c o l l e c t e d  a t  Crouch Branch near H Area a t  
Savannah R iver ,  S.C. (021973012) for the  p e r i o d  o f  record 

E---, not determined or missing d a t d  

Location:--Lat 33'17*57**, long 81'39*34**, Aiken County, on left bank, 1.0 

Drainage area:--0.9 square mile. 
Period of record:--February 25, 1986 to November 17, 1986 
Gage:--Digital water-stage recorder. 

Remark:--No other gages have been operated on this stream. 

mile northwest of H Area, 1.0 mile northeast of F Area, 1,500 
feet from confluence with Upper Three Runs Creek. 

Elevation of gage is 150 feet above 
sea level (from topographic map). 

Gage height during 1986 
(feet) 

mean values 

Day 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 
31 

Mean 
Maximum --- 
Minimum --- 

M a r .  

0.47 
.47 
.47 
.48 
.48 

.48 

.48 

.48 

.49 

.48 

.49 

.49 

.58 

.70 

.44 

.43 

.40 

.40 

.60 

.52 

.41 

.40 

.38 

.36 

.36 

.36 

.36 

.36 

.36 

.36 

.36 

.45 

.70 

.36 

Apr 

0.35 
.35 
.35 
.35 
.35 

.35 

.35 

.41 

.40 

.35 

.35 

.34 

.34 

.34 

.34 

.34 

.34 

.34 

.33 

.33 

.34 

.34 

.34 

.33 

.33 

.32 

.32 

.32 

.33 

.32 --- 

.34 

.41 

.32 

May 

0.32 
.32 
.32 
.32 
.32 

.31 

.31 

.41 

.39 

.36 

.36 

.50 

.60 

.38 

.33 

.32 

.32 

.32 

.32 

.32 

.31 

.31 

.31 

.30 

.30 

.30 

.31 

.32 

.37 

.32 

.31 

.34 

.60 

.30 

June 

0.30 
.30 
.32 
.33 
.33 

.31 

.30 

.30 

.30 

.78 

.81 

.47 

.43 

.41 

.41 

.42 

.41 

.41 
-52 
.43 

.39 

.38 

.38 

.38 

.38 

.39 

.39 

.38 

.38 

.37 --- 

.40 

.81 

.30 

July 

0.38 
.38 
.37 
.37 
.37 

.38 

.37 

.37 

.36 

.36 

.46 

.39 

.38 

.39 

.40 

.38 

.38 

.37 

.36 

.36 

.38 

.52 

.42 

.41 

.40 

.41 

.39 

.39 

.39 

.38 

.37 

.39 

.52 

.36 

Aug . 
0.38 
.37 
.37 
.74 
.41 

.54 

.61 

.54 

.40 

.38 

.37 

.37 

.44 

.77 

.46 

.43 

.43 

.42 

.75 

.53 

.85 

.71 

.63 

.60 

.60 

.59 

.67 

.72 

.63 

.63 

.62 

.58 
1.53 
.37 

Sept . 
0.57 
.56 
.55 
.55 
.58 

.59 --- 
--- 
--- 
--- 
.52 
.54 
.51 
.50 
.50 

.50 

.49 

.49 

.49 

.50 

.50 

.50 

.50 

.50 

.51 

.52 

.54 

.53 

.65 

.58 --- 
--- 
--- 
--- 

Oct. 

0.54 
.51 
.51 
.53 
.53 

.52 

.52 

.54 

.73 

.97 

.62 

.56 

.56 

.57 

.56 

.55 

.53 

.52 

.52 

.52 

.51 

.51 

.51 

.51 

.56 

.53 

.51 

.51 

.51 

.51 

.60 

.55 

.97 

.51 
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Seepage inves t i ga t i ons  were conducted on a l l  three streams dur ing  a low 
flow period on March 19, 1986, t o  determine var ia t ions i n  stream discharge 
over severa l  reaches along these streams. The l a s t  recorded p r e c i p i t a t i o n  
occurred i n  the  area 5 days p r i o r  t o  making these measurements. 
l o c a t i o n s  f o r  these measurements are shown i n  f i g u r e  21. 

S ta t i on  

The r e s u l t s  o f  t he  seepage i n v e s t i g a t i o n  f o r  t h a t  p a r t  o f  Upper Three 
Runs wikhin the study area i n d i c a t e  t h a t  t he  average gain i n  streamflow was 
9.3  (ft /s)/mi o f  stream channel. 
form because i t  i s  d i r e c t l y  t rans fe rab le  t o  f u t u r e  ground-water f low 
modeling o f  t h i s  study area. The c o n t r i b u t i o n  o f  ground water was constant 
throughout the  l eng th  measured. 

The seepage data are presented i n  th is 

The r e s u l t s  o f  the  seepage i n v e s t i g a t i o n  f o r  McQueens Branch and Crouch 
Branch are shown i n  f i g u r e  22. 
measured a t  var ious p o i n t s  from t h e  streams’ o r i g i n s  t o  t h e i r  most 
downstream point. Abrupt increases i n  f low represent contr ibutions o f  smal l  
t r i b u t a r i e s  along the  l eng th  of t h e  streams. Every t r i b u t a r y  t h a t  
con t r i bu ted  f low t o  t h e  main channel was measured. McQueens Branch, the 
l a r g e r  05 the  two t r i b u t a r i e s ,  gained ground water a t  an average r a t e  o f  
0.65 (ft /s)/mi o f  s t reay  length.  Crouch Branch gained ground water a t  an 
average r a t e  o f  0.56 (ft /s)/mi o f  stream length.  Note t h a t  t h e  r a t e  o f  
i n f l o w  i n  d i f f e r e n t  reaches d i f f e r s  along each stream’s length.  For 
example, there  seems t o  be a measurable increase (steeper slope) i n  ground 
vJater discharge t o  streamflow between t r i b u t a r i e s  4 and 5 o f  McQueens Branch 
( f i g .  22a). 

The p l o t s  i l l u s t r a t e  the  cumulative f low 

Ground water entered the  stream a t  an equ iva len t  r a t e  o f  1.68 
( f t3 /s) /mi  o f  stream length.  
t h i s  reach i s  165 ft. This i s  about the same a l t i t u d e  as the  base o f  the  
calcareous zone i n  the McBean aqu i fe r .  
discharge could be a t t r i b u t e d  t o  a more permeable i n t e r v a l  i n  the calcareous 
zone. A sharp increase (steeper slope) i n  the c o n t r i b u t i o n  o f  ground water 
t o  streamflow a l s o  i s  ev ident  i n  the  reach between the  gage and t r i b u t a r y  2 
on Crouch Branch. 
i s  150 ft. The top o f  t he  Congaree aqu i fe r  i s  a t  an a l t i t u d e  o f  
approximately 160 ft i n  th is area ( f i g .  12). 
t r i b u t a r y  2 ( f i g .  22b), t h e  stream probably has in te rcepted  the  more 
permeable Congaree aqui fer  which discharges ground water a t  a g rea ter  r a t e  
than the  ove r l y ing  s t ra ta .  

The approximate a l t i t u d e  o f  t he  stream bed i n  

Conceivably, t he  h igher  r a t e  o f  

The a l t i t u d e  o f  t h e  gage, based on the  topographic map, 

Between the gaging s t a t i o n  and 

WATER QUALITY AND GEOCHEMISTRY 

Water samples from the  Barnwell-McBean and Congaree aqu i fe rs  were 
c o l l e c t e d  t o  determine background water q u a l i t y  i n  each aqu i fe r .  C lus ter  
w e l l s  SDS-12 and SDS-20 were sampled ( f i g .  3 ) .  
screened i n  the  Barnwqll-McBean (9.5-128, C, and SDS-20B, C) and Congaree 
aqu i fe rs  ( SDS-12A , SDS-20A) . 

Wells i n  these c l u s t e r s  are 
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AND STAVON NUMBER 

Figure 21 .--Location o f  seepage investigation stations i n  the vicinity 
o f  the s tudy  area. 
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Figure 22.--Measured streamflow changes along reaches dur ing seepage study; 
(a) McQueens Branch and (b)  Crouch Branch. 
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Sample C o l l e c t i o n  and Analys is  

Grout contamination i n  the  SDS w e l l s  (Cook, 1986), and t h e  low i o n i c  
s t reng th  o f  t he  shal low ground water necess i ta ted t h a t  care  be taken t o  
ob ta in  water samples representa t ive  o f  t he  aqui fer .  A s i g n i f i c a n t  e f f e c t  o f  
g rou t  contamination i s  t o  increase the  pH o f  water i n  the  ‘we l l  and adjacent 
sec t ions  o f  the  aqu i fe r .  For example, measured values o f  pH i n  samples from 
SDS-20A were repor ted t o  range from 10.49 t o  11.15 (Cook, 1986), whereas pH 
measured i n  t h i s  study, a f t e r  purg ing the  w e l l  and adjacent aqu i fe r ,  was 
7.81 ( t a b l e  6). I n  a d d i t i o n  t o  g rou t  contamination, waters o f  low i o n i c  
s t reng th  tend t o  be poor l y  buffered, making s tab le  f i e l d  measurements o f  pH 
d i f f i c u l t  t o  obta in .  

P r i o r  t o  sampling, each w e l l  was pumped with a submersible pump u n t i l  
conductance, pH, and temperature, taken a t  one-half well-volume increments, 
had s t a b i l i z e d .  A m i n i m u m  o f  4.5 w e l l  volumes were evacuated a t  each w e l l  
be fore  s t a b i l i t y  was reached. A l k a l i n i t y  , conductance pH, and temperature 
were measured i n  the f i e l d  according t o  the methods o f  Wood (1976). 
Dissolved oxygen was measured t i t r a m e t r i c a l l y  i n  the f i e l d  (American P u b l i c  
Hea l th  Associat ion 1981, p. 390) .  

I n  accordance with es tab l i shed procedures, samples were f i l t e r e d  through 
0.45-micrometer pore s i z e  membrane f i l t e r s  and shipped on i c e  t o  the  U.S. 
Geologica l  Survey Na t iona l  Water Qua l i t y  Laboratory i n  Arvada, Colorado f o r  
ana lys i s  (Fishman and Friedman, 1985). 
a c i d i f i e d  with n i t r i c  acid. 

Samples fo r  c a t i o n  ana lys is  were 

Resu l ts  and Analys is  

Chemical analyses o f  water samples obtained from f i v e  w e l l s  i n  c l u s t e r s  
SDS-12 and SDS-20 are presented i n  tab le  6. 
i n s u f f i c i e n t  q u a n t i t i e s  o f  water t o  ob ta in  s tab le  conductance, pH and 
temperature readings, there fore ,  i t  was n o t  sampled. Charge balance 
d i f f e rences  between anions and ca t ions  were f i v e  percent  or l e s s  f o r  a l l  
analyses. 
h i g h  owing t o  the heat ing  ac t i on  o f  t he  submersible pump used t o  c o l l e c t  the  
sample. 
(Plumner and others,  1976) i n d i c a t e  t h a t  the r e l a t i v e  e q u i l i b r i u m  
r e l a t i o n s  o f  t h e  water do n o t  change appreciably i f  a more l i k e l y  
temperature (such as t h a t  measured a t  SDS-12A) i s  used f o r  the  sample, 
therefore,  t he  temperature measured a t  SDS-20A does n o t  i n f l u e n c e  the  
i n t e r p r e t a t i o n  o f  t h e  data. 

Well SDS-129 y ie lded  

The temperature o f  water from w e l l  SDS-20A may be a r t i f i c i a l l y  

Thermodynamic ca l cu la t i ons  made w i t h  t he  computer program WATEQF 

Water a t  these w e l l s  can be d i v ided  i n t o  three types ( f i g .  23, t a b l e  6): 
(1) an a c i d i c  mixed-ion type of water (SDS-2OC); (2) an a l k a l i n e  calcium- 
b icarbonate water (SDS-l2A, SDS-20A, SDS-2OB) ; and (3)  a water in termediate 
between these two types o f  water (SDS-12C). 

The mixed-ion water a t  sDS-2OC i s  from the  upper p a r t  o f  t he  
No c a t i o n  con t r i bu tes  more than 50 percent  o f  t he  

Ch lor ide  
A c i d i t y  i s  

Barnwell-McBean aqu i fe r .  
t o t a l  ca t i ons  and s i l i c a  i s  a major p a r t  o f  the  d isso lved s o l i d s .  
and b icarbonate each con t r i bu te  about h a l f  o f  t he  t o t a l  anions. 
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Table 6.--Concentrations o f  dissolved major and minor elements i n  waters from 
t h e  Barnwell-McBean and Conqaree aquifers 

[T (OC), temperature i n  degrees Celsius; &cm, microsiemens per centimeter; <, less  than speci f ied v a l u J  

Concentrations i n  mill igrams per l i t e r  ( m g h )  
Residue at  

Calcium Magnesium Sodium Potassium Chloride Sul fate Bicarbonate pH Temperature Conductance 180 OC,  
Sample Ca MS Na K c1 SOr K O 3  (un i ts )  T (OC) (IlS/cm) dissolved 

12A 38.0 1.6 2.7 1.3 1.7 12.0 123.0 8.09 21.2 184.0 175 
12c 4.8 1.2 1.1 .4 .85 .2 18.0 6.85 21.5 35.0 35 
20A 31.0 .57 1.8 1.7 2.2 10.0 85.0 7.81 22.7 153.0 120 
208 19.0 .52 1.9 .70 1.8 5.5 62.0 8.40 20.7 91.0 92 
2oc 1.6 .42 1.5 .42 2.1 .2 6.0 6.04 20.9 19.0 21 

Concentrations i n  micrograms per l i t e r  (us/L) unless otherwise speci f ied 

Aluminum Barium Bromide Cadmium Copper Dissolved oxygen Fluor ide Iron Lead L i th ium Manganese 
Sample A 1  Ba Br Cd [x1 02 F Fe fJb L i  Mn 

VI e (~g/L) ( m d )  ( m d - 1  

12A 40.0 7.0 4.01 <1.0 40.0 0.6 43.10 36.0 4 0 . 0  12.0 8.0 
12c ao.0 20.0 .03 4 . 0  40.0 6.8 .07 6.0 40 .0  7.0 109.0 
20A 40.0 46.0 <.01 a . 0  40.0 <. 1 <. 10 25.0 40.0 15.0 82.0 
208 20.0 17.0 c.01 a . 0  40.0 8.4 <. 10 4.0 40.0 8.0 4 . 0  
20c 20.0 10.0 .03 4.0 20.0 8.8 . O l  10.0 d O . 0  6.0 12.0 

Concentrations i n  micrograms per l i t e r  (pEI/L) unless otherwise speci f ied 

Molybdenum N i t r i t e  and n i t r a t e  Ortho phosphate S i l i c a  Strontium Vanadium Zinc Beryl l ium Boron Cobalt 
Mo NOp and NO3 POr SiOp Sr V Zn Be B co 

Sample (mg/L as N) ( m d -  as PI (mg/L)  

6 . 0  140.0 d . 5  20.0 <3.0 12A 40.0 d.10 63.01 40.0 390.0 <6.0 290.0 <.5 <10.0 <3.0 
12c 4 0 . 0  .89 <.01 5.7 17.0 19.0 <.5 40 .0  <3.0 

2oc 40 .0  .65 <.01 6.4 208 
40 .0  <. 10 .08 24.0 269.0 6 . 0  

20A .06 24.0 91 .O 6.0 5.0 <-5 ::8:8 5318 
<6.0 

1.20 <lo. 0 
46.0 <.5 14 .O 



r e l a t i v e l y  h igh  with a pH of 6.04, d isso lved oxygen i s  r e l a t i v e l y  h igh  (8.8 
mg/L), and d isso lved s o l i d s  are r e l a t i v e l y  low (21 mgh) .  
type i s  c h a r a c t e r i s t i c  of recharge waters i n  sediments o f  the  A t l a n t i c  
Coastal P l a i n  (Baedecker and Back, 1979). 

Water o f  t h i s  

The calcium bicarbonate water is from the Congaree aqu i fe r  and the 
lower p a r t  o f  the  Barnwell-McBean aqui fer .  Calcium and bicarbonate range 
from 19 t o  38 mg/L and 62 t o  123 mg/L, respec t ive ly ,  and con t r i bu te  a t  l e a s t  
83 percent o f  the ions  i n  so lu t i on .  This water i s  more a l k a l i n e  than the 
mixed-ion water, with measured values of pH ranging from 7.81 t o  8.40. 
Concentrat ions o f  d isso lved s i l i c a  are higher than i n  the mixed-ion water. 
Dissolved oxygen i s  h igh  (8.4 mg/L) i n  the lower Barnwell-McBean aqu i fe r  a t  
SDS-2OB, bu t  i t  i s  near ly  depleted i n  the waters from the Congaree aqu i fe r .  
Dissolved s o l i d s  are a t  l e a s t  three times h igher  i n  the calcium-bicarbonate 
water (92 t o  175 mg/L) than i n  the mixed-ion water. 

The in termediate water ( w e l l  SDS-12C) a lso  i s  from the  upper p a r t  o f  the 
Barnwell-McBean aqu i fe r .  L i k e  the mixed-ion water, i t  i s  low i n  d isso lved 
s o l i d s  (35 mg/L) However, d i sso lved  calcium and b icarbonate  are slightly 
higher  and comprise 68 percent of  the ions  in so lu t i on .  A t  6.85, pH a lso  i s  
h igher .  
types from the  Barnwell-McBean aqu i fe r .  

Dissolved oxygen (6.8 mg/L) i s  s l i g h t l y  lower than the other water 

CATlONS ANIONS 

PERCENT OF TOTAL MILLIEQUIVALENTS PER LITER 

Figure 23.--Major-ion composit ion of  water samples from the 
Barnwell-McBean and Congaree aqui fers .  
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I t  i s  impor tant  t o  document t h e  present concentrat ions o f  n i t r a t e  i n  the  
water-bearing u n i t s ,  because n i t r a t e  i s  a major cons t i t uen t  i n  the  
s a l t - s o l u t i o n  waste t h a t  w i l l  be s tored a t  Z Area. 
concentrat ion o f  d isso lved n i t r a t e  p l u s  n i t r i t e ,  as n i t rogen,  was 1.20 mg/L 
( tab le  6). 
measurable d isso lved oxygen (Barnwell-McBean aqu i fe r ) ,  i n d i c a t i n g  t h a t  
n i t r a t e / n i t r i t e  reducing bac te r ia  may be a c t i v e  i n  the  green c lay  and/or 
Congaree aqui fer .  
t he  movement o f  p o t e n t i a l  n i t r a t e  contaminants. 
a v a i l a b i l i t y  o f  requ i red  n u t r i e n t s  and organic substrates, t he  
concentrat ions o f  n i t r a t e  contaminants could be lessened or  e l im ina ted  i n  a 
zone o f  n i t r a t e  reduct ion.  

The h ighes t  measured 

These nitrogen species were detected only i n  the un i t  con ta in ing  

This i s  impor tant  in fo rmat ion  with respect  t o  fo l l ow ing  
Depending on the 

The r e l a t i v e l y  h i g h  l e v e l s  o f  d isso lved z inc  found i n  water samples from 
SDS-12 probably are due t o  contamination by the  galvanized s t e e l  w e l l  
casing. Wells a t  9s -20  a r e  made of PVC; therefore,  s i m i l a r  contamination 
i s  u n l i k e l y .  
from the  Congaree aqu i fe r .  The s t ron t ium may be from t h e  d i s s o l u t i o n  
strontium-carbonate ( s t r o n t i a n i t e )  or s t ron t ium-su l fa te  ( c e l e s t i t e )  
minerals. 
i n  sediments o f  t h e  Congaree aqui fer .  
i n  c a l c i t e  and be released as c a l c i t e  d isso lves.  

Re la t i ve l y  h i g h  l e v e l s  o f  s t ront ium were measured i n  waters 

However, l i t t l e  i s  known about the  occurrence o f  these minera ls  
I t  may a l s o  occur as a t race  element 

The major d i f f e rences  i n  water chemistry between the  upper 
Barnwell-McBean aqu i fe r  and t h e  lower Barnwell-McBean and Congaree aqu i fe rs  
can be summarized as fol lows: (1) dissolved c a l c i u n  and bicarbonate 
concentrat ions are near ly  t e n  f o l d  greater  i n  the  lower Barnwell-McBean and 
Congaree aqui fers ;  (2) d isso lved s i l i c a  concentrat ions are about f i v e  f o l d  
greater ,  and (3) pH is higher .  
g rad ien t  i n  each aqu i fe r ,  i n  a d d i t i o n  t o  a downward hyd rau l i c  g rad ien t  
d i r e c t e d  through t h e  Barnwell-McBean aqu i fe r  and across t h e  green c lay  i n t o  
the  Congaree aqu i fe r ,  w e l l s  sampled i n  t h i s  study do n o t  f a l l  a long a s i n g l e  
f low path, so a s t r i c t  mass-balance accounting of t h e  d isso lved cons t i t uen ts  
cannot be made. 
analyses warrant on ly  a l i m i t e d  i n t e r p r e t a t i o n .  
pos i t i oned  such t h a t  a general discussion o f  t h e  chemical evo lu t i on  o f  t he  
waters can be made. 

Because there  i s  a h o r i z o n t a l  hyd rau l i c  

I n  add i t i on ,  t he  l i m i t e d  number and d i s t r i b u t i o n  o f  
However, t h e  w e l l s  a re  

The l a r g e  increases i n  concentrat ions o f  d isso lved calcium and 
bicarbonate i n  the lower Barnwell-McBean aqu i fe r  can be a t t r i b u t e d  t o  the  
d i s s o l u t i o n  o f  c a l c i t e  i n  the calcareous zone i n  t h i s  p a r t  o f  t he  aqui fer .  
For example, there  i s  l i t t l e  d isso lved calcium or  bicarbonate i n  water from 
the  upper Barnwell-McBean aqu i fe r  (SDS-20C), and i t  i s  undersaturated with 
respect  t o  c a l c i t e ,  as ca l cu la ted  by WATEQF. 
the  upper Barnwell-McBean aqui fer  would tend t o  d i sso l ve  c a l c i t e  i f  they 
were t o  come i n  contact. Because of t he  downward hyd rau l i c  g rad ien t  i n  the  
area, water i n  the upper Barnwell-McBean aqu i fe r  f lows downward through the  
calcareous zone, d i s s o l v i n g  c a l c i t e ,  thus inc reas ing  pH and increas ing  
concentrat ions o f  d isso lved calcium and b icarbonate i n  the  lower 
Barnwell-McBean and Congaree aqui fers .  
ca l cu la t i ons ,  which i n d i c a t e  water i n  the lower Barnwell-McBean is i n  
e q u i l i b r i u m  with respect  t o  c a l c i t e .  

This i nd i ca tes  t h a t  water from 

This i s  supported by WATEQF 
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The major s i l i c a - b e a r i n g  minera ls  i n  the Barnwell-McBean aqu i fe r  and 
the  green c l a y  are  quar tz  i n  the sand f r a c t i o n  and i l l i t e / s m e c t i t e  i n  the 
c lay  f rac t i on .  Quartz i s  r e l a t i v e l y  unreac t ive  a t  low temperatures, 
there fore ,  reac t i ons  i n v o l v i n g  i l l i t e / s m e c t i t e  probably are responsib le  f o r  
t he  l a r g e  increase i n  d isso lved s i l i c a  between the  upper Barnwell-McBean 
aqu i fe r  and the  lower Barnwell-McBean and the  Congaree aqui fers .  
Geochemical da ta  from each w e l l  were p l o t t e d  on minera l  s t a b i l i t y  diagrams 
( f i g .  24) t o  determine which s i l i c a t e  minera ls  c o n t r o l  concentrat ions o f  
d isso lved s i l i c a  i n  the  water. The composition and s t r u c t u r e  o f  
i l l i t e / s m e c t i t e  mixed-layer c lays  are so h i g h l y  va r iab le  t h a t  choosing 
accurate thermodynamic data f o r  use i n  cons t ruc t i ng  s t a b i l i t y  diagrams i s  
d i f f i c u l t .  
diagrams for pure end members o f  sodium smect i te  and calcium smect i te  i n  an 
attempt t o  account f o r  probable composit ional v a r i a b i l i t y  i n  the  c lay.  
Although the  mixed-ion (9s-2OC) and in te rmed ia te  (9s-12C) waters p l o t  near 
the quar tz  e q u i l i b r i u m  l i n e ,  the  t rend o f  the da ta  is t o  t raverse  the  
k a o l i n i t e  s t a b i l i t y  f i e l d  i n  the  d i r e c t i o n  o f  t h e  smect i te  f i e l d s .  This 
suggests t h a t  as water undersaturated with respect  t o  i l l i t e / s m e c t i t e  moves 
downward i t  d isso lves  these clays. I n  t h i s  way, concentrat ions o f  d isso lved 
s i l i c a  increase and the  water approachs i l l i t e / s m e c t i t e  e q u i l i b r i u m  as 
i nd i ca ted  i n  f i g u r e  24. This  reac t i on  a l so  consumes protons, thus 
inc reas ing  pH. Extensive s i l i c i f i c a t i o n  of carbonate m a t e r i a l  i n  the lower 
Barnwell-McBean has been seen i n  outcrop, suggesting t h a t  reac t i ons  o f  t h i s  
type, which produce s i l i c a  i n  excess of  quar tz  sa tu ra t i on ,  are occur r ing  i n  
t h e  McBean aqu i fe r .  

To s i m p l i f y  t h e  matter, geochemical data were p l o t t e d  on 

Samples need t o  be c o l l e c t e d  from a d d i t i o n a l  w e l l s  t o  prov ide a b e t t e r  
a r e a l  and v e r t i c a l  coverage i n  the study area. 
would a l low f o r  a more complete understanding of t he  geochemical processes 
and v a r i a b i l i t y  i n  the system. 

Analyses o f  these samples 

LABORATORY ANALYSIS OF SEDIMENTAASTE INTERACTIONS 

Hydraul ic  conduc t i v i t y  i s  one of t he  most impor tant  hydro log ic  
p r o p e r t i e s  a f f e c t i n g  t h e  t ranspor t  o f  contaminants i n  ground water. 
Although hyd rau l i c  conduc t i v i t y  r o u t i n e l y  i s  assumed t o  remain constant  a t  a 
p o i n t  i n  space, phys i ca l  and chemical reac t i ons  between ground water, 
sediment, and contaminants may cause i t  t o  increase or decrease (A lpe rov i t ch  
and others,  1985; Hayes, 1979).  
i n f l uence  the  hyd rau l i c  conduc t i v i t y  o f  sediments a t  t h e  DWPF and v i c i n i t y  
were i d e n t i f i e d  t o  b e t t e r  evaluate the  p o t e n t i a l  f o r  s o l u t e  t ranspor t  a t  t he  
s i t e .  I n  order  t o  do t h i s ,  laboratory-scale column experiments were 
designed t o  examine t h e  i n t e r a c t i o n s  between a labora tory  s a l t  s o l u t i o n  and 
sediments with which the  waste might come i n  contact .  

Sediment/waste i n t e r a c t i o n s  t h a t  might 

F igu re  2 shows the  proposed l o c a t i o n  o f  t he  bur ied  p i p e l i n e  which w i l l  
t r anspor t  t h e  s a l t - s o l u t i o n  waste from H Area t o  Z Area. 
topographic v a r i a t i o n s  between H and Z Areas, the  p i p e l i n e  w i l l  pass through 
sediments o f  b o t h  the  upland un i t  and the  Barnwel l  Group. 
within the  upland un i t  genera l l y  are more sandy and have a lower c lay  
content  than the sediments of t he  Barnwell  Group. Laboratory experiments o f  

Because o f  

The sediments 
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sediment/waste interactions were performed o n l y  on sediments from the 
Barnwell Group because these are the uppermost saturated sediments a t  the 
s i t e .  

Material and Method 

The salt-solution waste is alkaline and composed largely o f  NaNO, (sodium 
n i t ra te ) .  
salt-solution waste and the so lu t ion  used i n  laboratory experiments. 

Table 7 coinpares the chemical and physical properties of the 

Fresh samples of the Barnwell Group were collected from an excavation 
f o r  the salt-solution transfer pipeline. 
mineralogic properties of sediments from the Barnwell Group used i n  the 
column experiments. 

Table 8 gives the physical and 

Hydraulic conductivity is  a function of b o t h  f l u i d  and media properties. 
Measured hydraulic conductivities were therefore converted t o  permeabilities 
(Freeze and Cherry, 1979, p. 27) i n  order t o  express the transmissive 
capability of the medium alone. Hydraulic conductivities obtained w i t h  
f l u i d s  of different  density could then be compared. 

Oven-dried samples of sediment were sieved th rough  a No. 10 sieve 
(2 millimeter) and compacted i n t o  a PVC cylinder (5.87 i n .  long by 2.44 i n .  
i n  diameter) t o  a b u l k  density of  93.6 t o  96.1 l b .  per f t3 ,  w i t h  a po ros i ty  
oc about 0.42. 
D Appolonia (1981, 1982) are similar; bulk  density ranged from 96 t o  120 l b .  
per f t 3  and poros i ty  ranged from 26 t o  46 percent. The cylinder was capped 
a t  b o t h  ends w i t h  porous stones and placed i n t o  a s o i l  permeameter i n  order 
t o  saturate the sample w i t h  tap water and measure hydraulic conductivity 
u s i n g  b o t h  constant and fal l ing head permeameter t e s t s  (Bowles, 1978, 

Values obtained i n  f ie ld  measurements conducted by 

p. 97). 

The effect  of s a l t  s o l u t i o n  on the hydraulic conductivity of the 
sediment samples was measured i n  three steps.  Hydraulic conductivity of 
the sample was first measured by using tap water i n  order t o  es tabl ish a 
baseline value of hydraulic conductivity t o  compare w i t h  values 
obtained u s i n g  s a l t  so lu t ion .  
for about 12 hours, i t  was f lushed by us ing  salt so lu t ion .  The effect  of 
the s a l t  s o l u t i o n  on the hydraulic conductivity of the sediments was 
analyzed i n  three separate t e s t s  by passing 2,  4 ,  and 10 pore volunes o f  
so lu t ion  through the sample. Finally, s a l t  so lu t ion  was f lushed  from the 
sample w i t h  tap water t o  examine changes i n  hydraulic conductivity due t o  
re-establishing i n i t i a l  so lu t ion  conditions i n  the sediment. 
of  s o l u t i o n  applications is equivalent t o  examining changes i n  hydraulic 
conductivity i n  the Barnwell Group i f  a s l u g  of  the salt-solution waste were 
t o  pass through i t .  

After passing t ap  water th rough  the sediment 

T h i s  sequence 

I n  addition t o  measuring hydraulic conductivity, the conductance, pH, 
and concentrations of dissolved aluminum, s i l i c a ,  and sodium i n  al iquots of 
the effluent were measured d u r i n g  the tes t s .  Dissolved constituents were 
analyzed by the South Carolina Department of Health and Environmental 
Cont ro l  by u s i n g  inductively coupled plasma emission spectroscopy. 
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Table 7.--Comparison o f  Defence Waste Processing F a c i l i t y  s a l t  s o l u t i o n  and 
s o l u t i o n  used i n  column experiments 

Minerals present Cation exchange 
i n  order of capaci tyb Bulk 

F rac t i on  Weight r e l a t i v e  ( m i l l i e q u i v a l e n t s  densi ty  
percent abundancea (per 1009 s o i l )  ( l bs / f t 3 )  

Sand 85-90 Quartz, k a o l i n i t e  
(0.0625-2.00 (as aggregates), 1.4 , pH = 6 
m i l l i m e t e r s )  mica, feldspar 

2.5 , pH = 9 93.6 

1.9 , pH = 12.5 
S i l t  and K a o l i n i t e ,  quartz, 

c lay 10-15 mica, hematite 
(c.0625 
m i l l i m e t e r s )  

DWFF s a l t  so lu t i on  (approximate)* Laboratory s o l u t i o n  
Component Grams per L i t e r  Component Grams per L i t e r  

To ta l  
p o r o s i t y  
percent 

42 

Na+ 117 
NOS- 130 
NOn' 30 
OH- 20 
NaB (C6H5)4 69 

Na+ 
N03' 

23 
62 

pH - 14 pH - 12.5 
densi ty  1.26 grams densi ty  1.05 grams 

per cubic per cubic 
centimeter centimeter 

* (K. Hayes-White, w r i t t e n  comun., 1986) 

bHawkins, 1971 
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Results and Discussion 

- 
Salt solution 
Tap water 
2 pore vdumes of salt solution 
4 pore vdumes of salt solution 

10 pore vdumes of salt solution 

--- 
- - - 

A 
B 
C 
I I I I I I I I I 

The changes i n  re la t ive  permeability of the sediment as a function of 
t o t a l  pore volumes of s a l t  solution and tap water passed through the column 
are shown i n  figure 25. 
permeability t o  the baseline value obtained u s i n g  tap water. 
volumes represents the introduction of s a l t  solution a f t e r  the i n i t i a l  
application of tap water. 

Each test (2,  4 ,  10 pore volumes of s a l t  solution) generally exhibited 
the same pattern of re la t ive  permeability response ( f i g .  25). 
permeability decreased sharply immediately upon the entry of s a l t  solution 
into the sediment. 
permeability s tabi l ized a t  a value roughly 20-30 percent of the baseline 
value. 
constant as the remaining s a l t  solution was introduced to  the sediment. 
After tap water was reintroduced i n t o  the sediments, re la t ive  permeabilities 
d i d  not change u n t i l  approximately one pore volume of tap water passed through 
the sediment. A t  t h i s  point, re la t ive  permeability decreased s teadi ly ,  
although l e s s  rapidly than dur ing  the i n i t i a l  introduction of s a l t  solution. 
The f ina l  value of re la t ive permeability for a l l  three t e s t s  was about 4 to  
10 percent of the baseline value. 

Relative permeability i s  the r a t i o  of the measured 
Zero pore 

Relative 

After two pore volumes were introduced, re la t ive  

I n  the 4- and 10-pore volume t e s t s  re la t ive  permeability remained 

E 

Y 
4 m 
4 

a 
n W 

EXPLANATlON 

w > 

Figure 25.--Relative permeability as  a function of t o t a l  pore volumes o f  
f luid passed through the column for three salt-solution/tap-water 

flushing sequences. 
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Permeabil i ty-reducing processes can be c l a s s i f i e d  as: (1) mechanical 
(compaction, g r a i n  real ignment); (2) chemical (minera l  p r e c i p i t a t i o n ) ;  
and,(3) a combination o f  (1) and (2) ( s w e l l i n g  o f  c lays,  d ispers ion  o f  
c lays)  (Hayes, 1979). 
t e s t s  and probably are n e g l i g i b l e  i n  a s i a b l e  t e c t o n i c  environment l i k e  the  
upper Coastal P l a i n  o f  South Caro l ina (D Appolonia 1982, p. 3.6.1-70). 
smect i te  or mixed-layer c lays  were present, c l a y  s w e l l i n g  might  be an 
impor tant  process i n  the  reduc t ion  o f  permeab i l i t y .  
d i f f r a c t i o n  analyses of t h e  sediment i n d i c a t e  there  i s  very l i t t l e ,  i f  any, 
expandable c lay  i n  the  sediment ( t a b l e  8). 
m a t e r i a l  from s o l u t i o n  and c lay  d ispers ion  a re  the  only  l i k e l y  mechanisms 
a v a i l a b l e  t o  account f o r  the reduct ions i n  permeab i l i t y .  

Compaction processes can be ignored i n  the  labora tory  

I f  

However, x-ray 

Therefore, p r e c i p i t a t i o n  o f  

Batch t e s t s  o f  m inera l  s o l u b i l i t y  i n  s a l t  so lu t i ons  with var ious  
a l k a l i n i t i e s  show t h a t  s i g n i f i c a n t  minera l  d i s s o l u t i o n  occurred i n  a l k a l i n e  
so lu t ions ,  but l i t t l e  d i s s o l u t i o n  occurred i n  so lu t i ons  having values o f  pH 
l e s s  than about 9.0 ( f i g .  26a, b). E s s e n t i a l l y  there  were no d i f f e rences  i n  
concentrat ions o f  d isso lved aluminum and s i l i c a  between f resh  water and 1 
molar NaN03 a t  a pH l e s s  than 7. 
magnitude d i f fe rence i n  concentrat ions between the NaN03 s o l u t i o n  a t  a pH 
l e s s  than 7 and the s o l u t i o n  a t  pH 12. X-ray d i f f r a c t i o n  data i n d i c a t e  t h a t  
d i s s o l u t i o n  o f  quar tz  and k a o l i n i t e  were the  major sources o f  these solutes. 
Because o f  t h e  l a r g e  concentrat ions o f  d isso lved s i l i c a  and aluminum i n  the 
a l k a l i n e  s o l u t i o n  i t  i s  poss ib le  t h a t  the e q u i l i b r i u m  s o l u b i l i t y  o f  one or 
more aluminum and/or s i l i c a - b e a r i n g  minera ls  was exceeded, thus p rov id ing  
t h e  p o t e n t i a l  f o r  minera l  p r e c i p i t a t i o n  t o  occur as the  a l k a l i n e  s a l t  
s o l u t i o n  moved through the  column. 
i n d i c a t e  p r e c i p i t a t i o n  was n o t  t h e  p r i n c i p a l  mechanism a f f e c t i n g  
permeab i l i t y .  Changes i n  permeab i l i t y  measured dur ing  t h e  i n t r o d u c t i o n  o f  
s a l t  s o l u t i o n  under n e u t r a l  and a l k a l i n e  pH cond i t i ons  show t h a t  near ly  
equal reduc t ions  i n  permeab i l i t y  occurred with bo th  so lu t ions .  
g rea ter  reduc t ions  i n  permeab i l i t y  produced by the  a l k a l i n e  s o l u t i o n  might 
be a r e s u l t  of m inera l  p r e c i p i t a t i o n .  
s a l t  s o l u t i o n  by X-ray d i f f r a c t i o n  and scanning e lec t ron  microscopy gave no 
evidence o f  m ine ra l  p r e c i p i t a t i o n ;  although i t  i s  poss ib le  t h a t  very 
f ine-grained, p o o r l y - c r y s t a l l i n e  aluminum hydroxide species could have 
formed and gone undetected with these techniques. Furthermore, i n i t i a l  
reduc t ions  i n  permeab i l i t y  occurred so r a p i d l y  ( t y p i c a l l y  within 1 t o  3 
hours) t h a t  the  r a t e s  o f  d i s s o l u t i o n  and p r e c i p i t a t i o n  would have been much 
greater  than those measured i n  prev ious i n v e s t i g a t i o n s  (May and others, 
1979; Hem and Lind, 1974). A second poss ib le  mechanism t h a t  might have 
produced the  a d d i t i o n a l  reduc t ion  i n  permeab i l i t y  i s  d i s s o l u t i o n  o f  minera l  
cements and m a t r i x  ho ld ing  c lay  aggregates together ,  thus inc reas ing  the  
amount o f  mobi le  g ra ins  ava i l ab le  t o  disperse. 

The chemical data presented above i n d i c a t e  t h a t  t he  m a j o r i t y  o f  the  
decreases i n  permeab i l i t y  were n o t  due t o  minera l  p r e c i p i t a t i o n ,  therefore,  
d ispers ion  o f  c lay  p a r t i c l e s  i s  t h e  most reasonable mechanism. 
i t  i s  accepted i n  the so i l -sc ience l i t e r a t u r e  t h a t  d isso lved sodium promotes 
c l a y  d ispers ion ,  and t h a t  the  amount of c lay  d ispers ion  i s  d i r e c t l y  r e l a t e d  
t o  the  amount o f  d isso lved sodium i n  the pore f l u i d  (A lpe rov i t ch  and others, 
1985; Arora and Coleman, 1979). 
e l e c t r i c a l  double l a y e r  (EDL) surrounding a c l a y  p a r t i c l e ,  which causes c l a y  

There were a t  l e a s t  two orders o f  

The da ta  i n  f igure  26c, however, 

The s l i g h t l y  

Examination o f  sediment exposed t o  

Generally, 

Dispers ion i s  due t o  expansion o f  t he  
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p a r t i c l e s  t o  separate and become mobile. The EDL th ickness can be expanded 
by i nc reas ing  t h e  number of s i n g l y  charged hydrated ions,  such as sodium, on 
the  c lay  sur face and lower ing  t h e  i o n i c  s t rength  o f  the  pore f l u i d  (Drever, 
1982, p. 81 ;  van Olphen, 1977, p. 34). As c lay  p a r t i c l e s  d isperse they move 
through t h e  pores o f  t he  sediment u n t i l  they lodge i n  pore th roa ts ,  thus 
causing a reduc t ion  i n  permeab i l i t y .  Surface-chemistry reac t i ons  associated 
with c l a y  d ispers ion,  proceed r a p i d l y  enough t o  go t o  completion within the  
observed pe r iod  o f  1 t o  3 hours. 

The c lay-d ispers ion mechanism i s  cons is ten t  with the  observed pa t te rns  
of pe rmeab i l i t y  reduct ion;  t h a t  i s ,  r a p i d  lower ing  o f  permeab i l i t y  upon 
swi tch ing  t h e  pore f l u i d  from tap water t o  s a l t  so lu t i on ,  or  t h e  reverse, 
and no change du r ing  maximum s a l t  breakthrough ( f i g .  25) .  In t roduc ing  s a l t  
s o l u t i o n  t o  the column probably r e s u l t e d  i n  the  development o f  an i n t e r f a c e  
between the so lu t i ons ,  i n  which sodium concentrat ions were s u f f i c i e n t l y  
high, and i o n i c  s t reng th  s u f f i c i e n t l y  low, thus promoting c l a y  d ispers ion.  
Arora and Coleman (1979) repor ted  t h a t  d ispers ion  o f  s o i l  c l ay  conta in ing  
k a o l i n i t e ,  mica, and quar tz  ceased above a c r i t i c a l  s a l t  concentrat ion o f  
about 0.22 molar. Above t h i s  concentrat ion,  the  r e p e l l i n g  forces between 
c l a y  p a r t i c l e s  a re  overcome by van de Waals forces, which a t t r a c t  c l a y  
p a r t i c l e s  toward each other .  
study, therefore,  t he  c r i t i c a l  s a l t  concentrat ion probably was exceeded as 
the  concentrat ion o f  d isso lved sodium i n  the pore f l u i d s  reached maximum 
breakthrough leve ls ,  thereby a l l ow ing  permeab i l i t y  t o  remain constant du r ing  
t h i s  time. A f t e r  freshwater was re in t roduced t o  the  column, t h e  i o n i c  
s t reng th  o f  the  pore f l u i d  was lowered enough t o  a l low c l a y  d ispers ion,  and 
associated reduc t ions  i n  permeab i l i t y ,  t o  continue. Evidence f o r  c lay  
d ispers ion  inc ludes  1) the  appearance of c l a y  i n  the  column e f f l u e n t  and 2) 
SEM views o f  pores clogged with gra ins  o f  c lay.  F igure 27 shows 
photomicrographs o f  pore openings i n  unt reated and t rea ted  sediments. The 
pore i n  the  unt reated sediment i s  r e l a t i v e l y  f r e e  of obs t ruc t ions ,  whereas 
the  pore i n  the  t rea ted  sediment conta ins many submicron-sized k a o l i n i t e  
g ra ins  (minera l  i d e n t i f i c a t i o n  was based on morphology and energy d i spe rs i ve  
analys is) .  

One molar sodium n i t r a t e  was used i n  th is 

S ign i f i cance O f  Permeab i l i t y  Reductions 

The reduc t ions  i n  permeab i l i t y  of t he  Barnwell  sediments, owing t o  the  

The labora tory  
passage o f  s a l t  s o l u t i o n  through them, have impor tant  imp l i ca t i ons  with 
regard t o  the r a t e  o f  contaminant t ranspor t  i n  the  system. 
r e s u l t s  i n d i c a t e  t h a t  a pu lse  of a concentrated s a l t - s o l u t i o n  waste would 
move more s lowly  through the  sediments than would be expected based on 
p r e - s p i l l  measurements o f  hyd rau l i c  conduc t i v i t y .  
permeab i l i t y ,  therefore,  may a c t  t o  conta in  a re lease of t he  s a l t - s o l u t i o n  
waste near the  p o i n t  o f  release. By the  same token, the  reduc t ions  i n  
pe rmeab i l i t y  a l so  would make i t  harder t o  e i t h e r  f l u s h  the  waste out  o f  the  
system or t o  remove i t  us ing  recovery we l ls .  

The reduc t ion  i n  

The permeab i l i t y  reduct ions a l so  have imp l i ca t i ons  with respect t o  the 
accuracy o f  so lu te  t ranspor t  models t h a t  do n o t  account for  the  changes. 
August (1986) i l l u s t r a t e d  the usefulness of i nco rpo ra t i ng  d ispers ion- re la ted  
permeab i l i t y  reduc t ions  i n  a computer s imu la t ion  o f  an in jec t ion /w i thdrawal  
cyc le  o f  freshwater i n  a b rack ish  aqu i fe r  i n  V i rg in ia .  
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Figure 27.--Photomicrographs o f  pore openings i n  sediment samples (a) be fore  
and (b)  a f t e r  t rea tnen t  with a l k a l i n e  sodium-ni t ra te so lu t i on .  

Scale i s  3.0 micrometers. 
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SUMMARY 

This repo r t  presents the r e s u l t s  o f  a p re l im ina ry  geohydrologic 
i n v e s t i g a t i o n  o f  the  DWPF and v i c i n i t y  i n  a d d i t i o n  t o  an evaluat ion o f  the 
p o t e n t i a l  f o r  movement o f  a concentrated s a l t - s o l u t i o n  waste, i f  
acc iden ta l l y  s p i l l e d .  The study p r i m a r i l y  i s  concerned with S Area (DWPF) 
and Z Area. DWPF, c u r r e n t l y  (1987) under cons t ruc t ion ,  i s  where the 
h igh - leve l  rad ioact ive-s ludge component o f  l i q u i d  wastes, generated as a 
by-product from the product ion o f  defense nuc lear  mater ia ls ,  w i l l  be 
s o l i d i f i e d  in to  an immobi l ized state. Z Area, north o f  DWPF, i s  the s i t e  
f o r  f i n a l  storage o f  the other component, a concentrated s a l t - s o l u t i o n  
waste. 

The r e p o r t  ob jec t i ves  were accomplished by assembling and evaluat ing 
e x i s t i n g  geohydrologic data, developing a l o c a l  geolog ic  framework, 
developing a conceptual model of the  l o c a l  ground-water f low system, 
documenting present  water-qual i ty  condi t ions,  and performing labora tory  
experiments t o  t e s t  m o b i l i t y  o f  s imulated s a l t - s o l u t i o n  waste i n  surface and 
near-sur face sediments. 

A geolog ic  framework was establ ished f o r  the study area. 
Congaree, and McBean Formations, and the  Barnwel l  Group were examined i n  
a d d i t i o n  t o  the upland u n i t  and co l luv ium and (or) al luvium. 
r e s u l t s  from the  geologic i n v e s t i g a t i o n  i nc lude  two geologic sect ions 
through the  study area, a s u r f i c i a l  geology map of the area, and s t r u c t u r e  
contour maps o f  the tops of the tan- and green-clay conf in ing  u n i t s .  Other 
r e s u l t s  i nc lude  the  i d e n t i f i c a t i o n  o f  a calcareous zone a t  the  bottom o f  the  
McBean Formation. 
FC-3A) and has been i d e n t i f i e d  i n  SDS wel ls .  
green-clay c o n f i n i n g  unit i s  most l i k e l y  continuous over the  study area, bu t  
t h a t  the tan  c lay  i s  not present nor theast  o f  the DWPF. 
r e l a t i v e l y  continuous i n  the western and southern pa r t s  o f  the  study area, 
and increases i n  thickness t o  the south. 
thickness; the tan c l a y  ranges from 0 t o  10 f t  wh i le  the green c lay  averages 
10 ft. 
sou tneas t . 

The E l len ton ,  

Spec i f i c  

The calcareous zone i s  present east o f  F Area ( w e l l  
I t  was determined t h a t  the 

The tan  c lay  i s  

The two c lay  u n i t s  vary i n  

The surfaces o f  the tan  c lay  and the green c lay  gen t l y  s lope t o  the 

Major hydrogeologic u n i t s  were del ineated by us ing the  assembled 
hydrogeologic data. 
upper p a r t  o f  the Barnwel l  Group, the upland u n i t ,  and co l luv ium and (or) 
al luv ium. The thickness of t he  unsaturated zone var ies  from 60 ft a t  the 
center o f  the  study area t o  25 ft i n  the southwestern pa r t .  
th ickness o f  the  upland u n i t  i s  approximately 18 ft. I n  the nor thern h a l f  
o f  t he  study area, the Barnwel l  aqu i fe r  i s  no t  h y d r a u l i c a l l y  i s o l a t e d  from 
the  McBean aqu i fe r  owing t o  the absence o f  the tan-clay con f in ing  u n i t .  
Therefore, i n  t h i s  area the Barnwel l  and McBean aqui fers  are considered t o  
be one aqu i fe r ,  the Barnwell-McBean aqu i fe r .  
separated by the  tan-clay con f in ing  unit and are i n d i v i d u a l l y  i d e n t i f i e d .  
Poten t iomet r ic  surface maps are presented fo r  the Barnwell-McBean (water 
tab le ) ,  McBean, and Congaree aqu i fe rs  f o r  September 1986. 

The unsaturated zone a t  the study s i t e  cons is ts  o f  the  

The average 

To the south, the  aqu i fe rs  are 

The Barnwell-McBean aqu i fe r  i s  h i g h l y  d issected by area streams. 
i n  t h i s  aqu i fe r  i s  under water- table cond i t ions  and can be perched l o c a l l y .  

Water 
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I n f l o w  t o  the  aqu i fe r  i s  from i n f i l t r a t i n g  p r e c i p i t a t i o n  and t h e  l a t e r a l  
f low o f  water from the  south. Discharge i s  t o  l o c a l  streams and as leakage 
through t h e  green-clay con f in ing  unit. 

The Barnwell  aqu i fe r  e x h i b i t s  many o f  t he  same hyd rau l i c  
c h a r a c t e r i s t i c s  as the  Barnwell-McBean aqui fer .  
Barnwel l  a q u i f e r  discharges t o  l o c a l  streams and leaks  through the  tan-clay 
c o n f i n i n g  un i t  t o  t h e  under ly ing  McBean aqu i fe r .  ghe geometric average o f  
l abo ra to ry  der ived hyd rau l i c  c o n d u c t i v i t i e s  i s  10- 

An exception i s  t h a t  t he  

f t /s .  

The McBean a q u i f e r  poss ib ly  composed up o f  th ree  d i f f e r e n t  geolog ic  zones 
(upper sandy zone, t r a n s i t i o n  zone, and lower calcareous zone). 
h y d r a u l i c a l l y ,  they tend t o  respond as a s i n g l e  unit. 
c o n d u c t i v i t i e s  range from 
calcareous zone than i n  the  upper sandy zone. 
McBean aqu i fe r  and have a pronounced in f l uence  on the d i r e c t i o n  o f  
ground-water flow. 
h a l f  o f  t h e  study area and downward t o  the under ly ing  Congaree aqu i fe r .  
The head d i f f e r e n c e  across t h e  tan-clay c o n f i n i n g  unit ,  which separates the  
Barnwel l  from the  McBean aqu i fe r ,  i s  about 2 ft. 

However, 
Hydrau l i c  

t o  lo-" f t / s  and seem t o  be lower i n  the  
Loca l  streams i n c i s e  t h e  

The McBean a q u i f e r  discharges l a t e r a l y  t o  the  no r the rn  

The Congaree aqu i fe r  i s  t he  deepest aqu i fe r  inc luded i n  t h i s  
i nves t i ga t i on .  
lo-' ft/s. 
within the  study area. 
aqu i fe r  seems t o  be t o  the  northwest, based on the  po ten t i omet r i c  sur face 
map. 
which separates t h e  Congaree aqu i fe r  from t h e  McBean aqui fer ,  i s  
approximately 50 ft. The green-clay c o n f i n i n g  un i t  has a lower hyd rau l i c  
conduc t i v i t y  than the  tan-clay con f in ing  unit .  

I t s  average hyd rau l i c  conduc t i v i t y  i s  approximately 
Upper Three Runs i s  the  on ly  stream t o  i n c i s e  t h i s  aqu i fe r  

The d i r e c t i o n  o f  ground-water flow i n  the  Congaree 

The decrease i n  hyd rau l i c  head across t h e  green-clay c o n f i n i n g  unit ,  

Two streamflow gaging s t a t i o n s  were i n s t a l l e d  on area streams (McQueens 
Branch and Crouch Branch). These two streams rece ive  sur face drainage from 
S and Z Areas and d r a i n  i n t o  Upper Three Runs. 
i n v e s t i g a t i o n s  i n d i c a t e  t h a t  over each reach measured, t h e  stream gains f low 
and t h a t  t h e  r a t e  o f  ga in var ies  as d i f f e r e n t  geolog ic  u n i t s  are traversed. 

Resul ts  o f  seepage 

A t o t a l  o f  f i v e  samples were taken from t h e  Barnwell-McBean and 
Congaree aqu i fe rs  (SDS-12 and SDS-20) t o  document present water q u a l i t y .  
was determined t h a t  a minimum o f  4.5 w e l l  volumes had t o  be evacuated from 
each w e l l  t o  ob ta in  a representa t ive  sample o f  t h e  aqu i fe r .  
these w e l l s  can be c l a s s i f i e d  as: 1) a c i d i c  mixed-cation type (upper 
Barnwell-McBean) ; 2) a l k a l i n e  calcium-bicarbonate type (lower 
Barnwell-McBean and Congaree); and, 3 )  a water in te rmed ia te  between the  
prev ious  two types (upper Barnwell-McBean). Major d i f f e rences  i n  water 
chemistry between waters from t h e  upper p a r t  o f  Barnwell-McBean, the lower 
Barnwell-McBean, and the  Congaree aqui fers  can be summarized as; 
1) d isso lved calcium and b icarbonate concentrat ions increase near ly  t e n  f o l d  
with depth, 2) d isso lved s i l i c a  concentrat ions increase about f i v e  fo ld ,  and 
3 )  pH increases. 
l i t h o l o g y  as water moves from the  upper p a r t  o f  t h e  Barnwell-McBean, t o  the 
lower Barnwell-McBean aqu i fe r ,  and t o  the  Congaree aqui fer .  

I t  

Ground water a t  

Chemical changes i n  water r e f l e c t  t h e  i n f l uence  o f  
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Laboratory column experiments were conducted to  examine the potential 

A sequence of solution applications caused changes i n  hydraulic 
for movement of a simulated s a l t  solution i n  sediments from the Barnwell 
Group. 
conductivity simulating changes that would resu l t  from a slug of a 
concentrated salt-solution waste passing through the sediments. Regardless 
of the number of pore volumes of s a l t  solution passing through the column, 
the general pattern of decreasing re la t ive  permeability was t h e  same, 
roughly 20 to  30 percent. During the f ina l  step of reintroducing tap water 
to  the column, re la t ive  permeabilities decreased steadily to  about 4 to  10 
percent o f  original values. 
permeability reductions is clay dispersion. Clay dispersion and reductions 
i n  permeability are related direct ly  to  the concentration o f  sodium i n  the 
pore f l u i d .  

The physical mechanism responsible for 
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