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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
Length
inch (in.) 254 millimeter
inch per year (in/yr) 254 millimeter per year
foot (ft) 0.3048 meter
foot per foot (f/ft) 1 meter per meter
foot per mile (ft/mi) 0.1894 meter per kilometer
mile (mi) 1.609 kilometer
Area
square mile (mi?) 2.590 square kilometer
Volume
gallon (gal) 3.785 liter
million gallons (Mgal) 3,785 cubic meter
Flow
cubic foot per second (ﬁ:3/s) 0.02832 cubic meter per se~ond
foot per second (ft/s) 0.3048 meter per second

Specific electrical conductance of water is expressed in microsiemens per centimeter at

25 °C (uS/cm).

Lateral side-channel flow is expressed in cubic feet per second per foot [(f3/s)/ft].

Temperature: In this report, temperature is given in degrees Celsius (°C), which can 1=

converted to degrees Fahrenheit (°F) by the following equation:

°F = 1.8 x (°C) + 32

Sea Level: In this report “sea level” refers to the National Geodetic Vertical Datum of
1929--a geodetic datum derived from a general adjustment of the first-order level nets of the

United States and Canada, formerly called Sea Level Datum of 1929.

il



CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS--Continued

Chemical concentration in water is expressed in milligrams per liter (mg/L) or micrograms
per liter (ug/L).

Chemical concentration in soil is expressed in milligrams per kilogram (mg/kg) dry weight
or micrograms per kilogram (pg/kg) dry weight.

Volume of sample water collected during surface-water headspace sampling is expres<ed in
milliliters (mL).

Bacteria concentrations are expressed in colonies per 100 milliliters (col/100 mL).

Other abbreviations and acronyms used in this report:
Analytical terms:

BHC - benzenehexachloride

BNA - base neutral/acid extractable

CLP - contract laboratory protocol

DDD - dichlorodiphenyldichloroethane

DDE - dichlorodiphenylchloroethylene

DDT - dichlorodiphenyltrichloroethane

MCL - maximum contaminant level

PAH - polynuclear aromatic hydrocarbons
PCB - polychlorinated biphenyl

QA - quality assurance

SMCL - secondary maximum contaminant level
SVOC - semivolatile organic compound

TAL - target analyte list

TCL - target compound list

TPH - total petroleum hydrocarbons

U - a compound that was analyzed, but not detected

viil



CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS--Continued

Other terms:

CERCLA - Comprehensive Environmental Response, Compensation, and
Liability Act of 1980

CPW - Charleston Commissioners of Public Works

EST - Eastern standard time

NWS - Naval Weapons Station

POMFLANT - Polaris Missile Facility

RCRA - Resource Conservation and Reauthorization Act

SCDHEC - S.C. Department of Health and Environmental Control

SCS - Soil Conservation Service

SCDNR - WRD - S.C. Department of Natural Resources - Water Resources Division
(formerly South Carolina Water Resources Commission - SCWRC)

South Div - Southern Division Naval Facilities Engineering Command
STORET - USEPA storage and retrieval database

SWMU - solid-waste management unit

TC - time-of-concentration

USEPA - U.S. Environmental Protection Agency

Any use of trade names is for descriptive purposes only and does not imply endorsement by
the U.S. Government.













































































































































Table 5.--Resuits of passive vapor sampling from selected locations in Foster Creek and its tribute ies,
Berkeley County, S.C., September 1991 to March 1992

Set 1-bed sediment!

Sample site number Benzene (ion counts)
(fig. 10)
1 : 6,900
2 900
3 10,500
4 14,400
5 11,800
6 5,700
7 9,300
8 17,700
9 8,200
10 4,700
1 9,100
12 5,000
13 11,800
14 8,800
15 9,300
16 5,400
17 500
18 3,000
19 4,100
20 5,600
21 12,500
22 6,400
23 30,000
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Table 5.--Results of passive vapor sampling from selected locations in Foster Creek and its trib itaries,
Berkeley County, S.C., September 1991 to March 1992--Continued

Set 2-bed sediment?

Sample site number

(fig. 11) Benzene (ion counts)
24 7,800
25 2,100
26 2,200
27 19,800
28 2,500
29 6,700
30 54,600
31 27,400
32 31,700
33 39,600
34 39,100
35 36,600
36 33,400
37 22,600
39 3,100
40 67,000
41 4,500
42 3,900
43 5,000
44 | 19,300
45 20,500
46 7,100
47 4,400
48 1,500
49 8,200
50 1,800
58-travel blank 1,100
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Table 5.--Results of passive vapor sampling from selected locations in Foster Creek and its tributaries,
Berkeley County, S.C., September 1991 to March 1992--Continued

Set 3-surface water®

Sample site number

(fig. 12) Benzene (ion counts)

51 1,900
52 7,200
53 12,100
54 2,100
85 2,000
56 3,100
57 6,100
58 1,700
60 6,800
61 1,600
63 5,000
64 10,100
66 5,700
67 21,000
68 19,700
69 8,700
70 3,200
A 5,000
72 4,600
73 8,800
74 6,000
s 11,700
76 4,700
77 3,000
78 7,200
79 4,000
80 4,600
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Table 5.--Results of passive vapor sampling from selected locations in Foster Creek and its tributaries,
Berkeley County, S.C., September 1991 to March 1992--Continued

Set 3-surface waters--Continued

le si .
Sample site number Benzene (ion counts)

(fig. 12)
81 2,400
82 10,700
83 6,100
84 15,400
85 11,200
86 14,600
87 38,300
88 12,400
89 4,200
90 9,800
91 1,400
92 13,000
93 1,800
94 2,900
95 ' 3,200

ISet 1 samplers were placed on September 4, 1991, and were removed after approximately 14 days.
2Get 2 samplers were placed on November 12-14, 1991, and were removed on November 25-27, 1991.
3Set 3 samplers were placed on February 21-22, 1992, and were removed on March 6 and 7, 1992.

~ One reason that the passive-vapor samplers contained low ion counts of benzene vhile the
gas chromatograph samples did not, could be due to the fact that the wire tips of the passive-vapor
samplers sorbed contaminants over about a two-week span. As a result, the passive-vapor
samplers represented an accumulated concentration. The gas-chromatograph headspace samples,
on the other hand, represented a discrete and instantaneous point sample. Also, the passive-vapor
samples typically were collected just above the bottom sediment, whereas the headspace samples
were collected just below the water surface. Depending on the stream depths involved, benzene
migrating from the bottom sediment could potentially volatilize before reaching the location of
the headspace samplers just below the water surface.
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Water Quality During Low-Flow Conditi

The chemical compounds detected at each site during low-flow surface-water sampling are
listed in table 6 (at end of report). The table omits compounds that were not detected during low-
flow sampling. Chemical concentrations were compared to Federal and State drinking-water
regulations. Federal regulations for toxic chemicals in drinking water are the USEPA maximum
contaminant levels (MCL) and secondary maximum contaminant levels (SMCL) (U.S.
Environmental Protection Agency, 1991a, 1991b, 1992). Compounds that affect the aesthetic
quality of drinking water and, at high levels, may affect human health are governed by SMCL’s.
Generally, SMCLs are not federally enforceable, but are intended as guidelines for State h=alth
agencies. State regulations that apply to the study area are the SCDHEC Water Classifications
and Standards and Classified Waters, Regulations 61-68 and 61-69, as amended April 26, 1991.
These regulations cover human health criteria and organoleptic criteria (for undesirable taste and
odor in drinking water).

The sampled locations in Foster Creek and its tributaries did not contain elevated
concentrations of anthropogenic organic chemicals during low-flow conditions. All chemicals
were below USEPA MCL'’s and SCDHEC regulatory criteria for drinking water.

Four volatile organic chemicals were detected at very low concentrations (an estimated 1 to
22 pg/L) during low-flow sampling: acetone (9 locations), 2-butanone (1 location), methylene
chloride (7 locations), and toluene (1 location). Each of these chemicals is a laboratory extraction
solvent used by the analyzing laboratory and, because their concentrations are extremely low', are
considered analytical artifacts. All volatile organic concentrations were well below regulatory
limits. However, tetrachloroethylene was detected at a concentration of 21.0 pg/L on March 6,
1992, during quarterly sampling by the CPW at the CPW intake (J.B. Cook, Commissione~s of
Public Works, written commun., 1992). The USEPA MCL for tetrachloroethylene is 5 pg/L.
Tetrachloroethylene concentrations were not detected in any other water samples collected during
the study.

Five SVOC’s were detected at extremely low concentrations (an estimated 0.2 to S ug/L):
bis (2-ethylhexyl) phthalate (13 locations), butylbenzylphthalate (2 locations), and
2,4-dichlorophenol (1 location). Only 2,4-dichlorophenol at an estimated concentration of
0.3 pg/L at site 1 approaches regulatory limits; the SCDHEC organoleptic criterion for
2,4-dichlorophenol is 0.3 pg/L. Otherwise, all SVOC’s concentrations are from one to three
orders of magnitude below regulatory limits. Nitrosodiphenylamine, a SVOC believed to
contribute to adverse taste and odor in drinking water in 1988 (Jordan, Jones, and Goulding, Inc.,
1988), was not detected during the low-flow surface-water sampling.

Site 5 contained an extremely low concentration of gamma-BHC (0.1 pg/L) (fig. 14).
Otherwise, no pesticides or PCB’s were detected during low-flow surface-water sampling.

Naturally occurring trace metals were detected throughout Foster Creek and its tributaries
during low-flow sampling. These inorganic compounds typically are in surface water and ground
water in the study region. Of the inorganics detected, aluminum, iron, and manganese
concentrations exceeded the USEPA SMCL. Aluminum concentrations ranged from <201 to
650 pg/L and exceeded the SMCL of 200 pg/L in 8 of 14 sample locations. Iron concentrations
ranged from 381 to 2,900 pg/L and exceeded the SMCL of 300 pg/L in all 14 locations.
Manganese concentrations exceeded the SMCL of 50 pg/L in 3 of 14 locations and ranged from
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18.3 to 85.6 pg/L. It is evident that these compounds occur naturally in Foster Creek at
concentrations that exceed the SMCLs. This is also true of nearly all coastal freshwater stations
sampled by SCDHEC. Based on entries in the USEPA storage and retrieval (STORET) d-tabase,
the average concentration of iron across 320 stations was 727 pg/L; the average of manganese
across 222 stations was 81 pg/L; and one aluminum concentration was 1,250 pg/L. (David
Chestnut, S.C. Department of Health and Environmental Control, written commun., 19¢2). No
other inorganic compounds exceeded regulatory limits.

Few spatial trends were apparent in the low-flow chemical data. In general, irorganic
compound concentrations were slightly higher in tributaries than in Foster Creek, v'ith the
exception of sample site 14 in Foster Creek located immediately adjacent to the SVY/MU 3
(fig. 14). This distribution is consistent with regional data, which generally show higher ambient
concentrations of trace metals in ground water than in surface water. This effect is due in part to
dilution. During low-flow conditions, tributary flow is made up primarily of grourd-water
discharge. However, Foster Creek flow consists of ground-water discharge and surface-water
flow from the Bushy Park Reservoir. Concentrations detected during low-flow surface-water
sampling were similar to those detected by U.S. Department of Navy (1993) for surface-water
samples collected in the area of SWMU’s 3, 4, and 5.

Other than relatively low dissolved-oxygen concentrations in Foster Creek near th= CPW
intake, few anomalies were in the field data. The dissolved-oxygen concentration was lowest at
sample site 12 at the CPW intake (3.3 mg/L) and at the next downstream sampling site, site 11
(3.8 mg/L) (fig. 14). The average dissolved-oxygen concentration in Foster Creek was 5.3 mg/L;
the average dissolved-oxygen concentration across all sample sites was 6.5 mg/L. The dissolved-
oxygen concentration distribution is consistent with earlier studies. For example, trends from a
previous study show that, depending on the season, the upper reaches of Foster Creek (from the
headwaters to 1 mi downstream from the CPW intake) contain dissolved-oxygen concertrations
from 13 to 69 percent lower than dissolved-oxygen concentrations in the lowermost reaches of
Foster Creek and the Bushy Park Reservoir (Lagman and others, 1980). Current study dz*a show
dissolved-oxygen concentrations approximately 35 percent lower in the upper reaches o€ Foster
Creek (sample sites 10 to 14) compared with the lower reaches (sample site 9). Further,
dissolved-oxygen concentrations were generally low in Foster Creek in earlier studies (Lagman
and others, 1980; Jordan, Jones, and Goulding, Inc., 1988). For example, the average dissolved-
oxygen concentration of five samples collected along the entire length of Foster Creek in
September 1977 was 2.6 mg/L. (Lagman and others, 1980). The average dissolved-oxygen
concentration of four samples collected along the entire length of Foster Creek in June 1977 was
3.8 mg/LL (Lagman and others, 1980). Concentrations did not vary greatly between sample
locations during either sampling event, except at the Spurline bridge (the current location of
USGS gage station 021720612) where concentrations were somewhat lower.

The fecal coliform concentration was particularly high at sample site 5, directly downstream
from two industrial sites (fig. 14). Data from site 5 were otherwise normal. Fecal coliform counts
ranged from 60 to 1,400 colonies per 100 milliliters (col/100 mL) (table 6). Eight of 14 sample
locations contained concentrations of fecal coliform that exceeded the SCDHEC standard of
200 col/100 mL. Distributional trends were not apparent.
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The total organic carbon (TOC) concentration at sample site 13 (110 mg/L) was notice~bly
higher than at all other sample locations (fig. 14). Because of this, site 13 was resampled for TOC
analysis. The resampled results showed a TOC concentration of 18 mg/L. This concentration
aligns much more closely with other TOC concentrations throughout the study area. One
explanation for the discrepancy is that aquatic vegetation (algae, for example), high in organic
carbon and especially abundant in this reach of Foster Creek, may have inadvertently l'<en
included in the sample container during the initial sampling.

Water lity Durin rm-Runoff Condition

Storm-flow samples were analyzed for volatile organic compounds, semivolatile org~nic
compounds, pesticides and PCB’s, organophosphorus pesticides, and inorganic compounds. In
general, anthropogenic compounds either were not detected or were at concentrations well below
regulatory limits (S.C. Department of Health and Environmental Control, 1992; U.S.
Environmental Protection Agency, 1991a, 1991b, and 1992). Laboratory artifacts accountec for
some of the chemicals detected during storm-flow sampling.

Six volatile organic compounds were detected in storm-flow samples: acetone (9 locaticns),
benzene (3 locations), methylene chloride (7 locations), toluene (1 location), 1,1,1-trichloroeth-ane
(5 locations), and xylenes (1 location) (table 7 at end of report). Of these six compounds, the
largest concentration was 59 pg/L of acetone at site 3sw (fig. 15). All other volatile orguic
concentrations were at such low levels (8 pug/L or below) that they were reported by the laboratory
as estimates. Acetone, methylene chloride, and toluene are typical laboratory solvents used to
prepare samples for analysis. No volatile organic compounds were at concentrations approaching
regulatory limits in any of the 16 locations. Chemicals not detected during storm-flow sampling
were omitted from table 7.

A total of 16 SVOC’s were detected in storm-flow samples. Seven of 16 locations contained
detectable concentrations of SVOC’s. With the exception of benzoic acid at an estimated 14 pg/L
at site 3sw, all SVOC concentrations were below 4 pg/L.. All SVOC concentrations were well
within regulatory limits.

Of the pesticides, endosulfan sulfate occurred in three samples collected at site Ssw at
concentrations at or less than 0.18 pg/L.. Alpha-BHC was detected in samples from two locatons
(sites 1sw and 20sw) at concentrations at or less than an estimated 0.0046 pg/L. And heptachlor
epoxide was detected in a sample from one location (site 20sw) at an estimated concentration of
0.0085 pg/L. Published regulatory limits do not exist for these compounds. No other pesticides
or PCB’s were detected in the storm-flow surface-water samples.

Of the inorganic compounds detected, aluminum, iron, and manganese concentrations often
exceeded the USEPA SMCL. This was the case with low-flow samples and with backgrcund
concentrations in coastal South Carolina. Concentrations of aluminum, detected in samples f-om
15 of 16 locations, ranged from 263 to 12,400 pg/l.. The SMCL for aluminum is 200 pg/L.
Concentrations of iron, detected in samples from all 16 locations, ranged from 727 to
14,400 pg/L.. The SMCL for iron is 300 pg/L. Iron concentrations detected in storm-flow
samples were generally higher than those in the low-flow samples. Manganese concentrat’ons
ranged from 13.5 to 119 pg/L and were detected in samples from 14 of 16 locations. The SMCL
for manganese is 50 pg/L.. No other inorganic compounds exceeded regulatory limits.
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Measurements of pH made in the field exceeded the SCDHEC (8.0 standard urits) and
USEPA SMCL (8.5 standard units) criteria in samples 5sw-1 (8.6 standard units) and Ssw-2
(9.1 standard units) (fig. 15). Sample location 5sw also contained elevated fecal coliform
concentrations during low- and storm-flow sampling.

Dissolved-oxygen concentrations were below the SCDHEC limits at three storm-runoff
sample locations. The lowest dissolved-oxygen concentration measured was 3.0 mg/L at 12sw-2
(fig. 15). This finding is consistent with the relatively low dissolved-oxygen concentrations at site
12 during low-flow sampling (3.3 mg/L).

Fecal coliform concentrations in storm-flow samples varied widely. Counts ranged from 20
to 89,000 col/100 mL. Counts were typically higher in the tributaries of Foster Creek than in the
creek itself. Spatial trends were not apparent. Fourteen sample locations contained fecal coliform
concentrations that exceeded the SCDHEC standard of 200 col/100 mL. Fecal coliform
concentrations were significantly higher in storm-runoff samples than in low-flow samrnles (an
average of 13,169 col/100 mL compared with an average of 287 col/100 mL, respectivel:).

BED-SEDIMENT QUALITY OF FOSTER CREEK

Bed-sediment quality in Foster Creek was determined by screening for volatile organic
compounds in the headspace of bed-sediment samples and by collecting bed-sediment samples
for laboratory analysis. The results are presented in the following sections.

Volatile Organi m nds in H mpl

Results from set 1 of the passive-vapor samplers were compiled for benzene, the indicator
compound, and ranged from 500 to 30,000 ion counts (table 5). The mean was 8,800 ion counts
and the standard deviation was 6,400. The background location upstream (sample site 1)
contained 6,900 ion counts of benzene, and the background location downstream (sample site 7)
contained 9,300 ion counts of benzene. Although the data set did not show a large benzene ion
count range, the data were reduced according to the statistical criteria described in the Methods
section. For set 1 data, a sample location was considered "suspect" if it exceeded 15,200 ion
counts. All locations with counts below this were considered representative of normal, a-ea-wide
background levels. Because the passive vapor-sampling technique was considered qualitative and
was designed to measure only relative differences between sample locations, it was not possible
to convert ion counts to mass per volume concentrations.

Two locations were considered "suspect" in the SWMU 3 area of Foster Creek: sample
locations 8 and 23 (fig. 10). Sample location 8 was at the southern tip of the landfill and contained
17,700 ion counts of benzene. This finding correlated well with data collected at this lo~ation in
an earlier investigation by U.S. Department of Navy (1991) who reported levels of TP™ in the
sediment at 70 mg/kg in this area. Sample location 23, at the northeastern comer of th= landfill
near an area of the stream containing rubble and debris, had 30,000 ion counts of benze1e. U.S.
Department of Navy (1991) reported less than 25 mg/kg of TPH near sample location 23.

Data from set 1 (table 5) suggested that volatile compounds moving through the bed
sediment in the area of SWMU 3 (sample sites 2 to 6 and 8 to 23, average benzene ion count =
8,800) were not significantly higher than in areas slightly upstream and slightly downstream
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(sample sites 1 and 7, average benzene ion count = 8,100). The fact that levels did nnt vary
significantly with longitudinal distance along Foster Creek in the area of SWMU 3 may ref'~ct the
effects of dilution and the fact that tidal ebb and flow conditions may have distributed potential
contaminants upstream and downstream from the landfill. Using the data alone, it is not possible
to determine whether or not these ion count levels are environmentally significant or merely
represent an area of diluted, low concentrations. Tubes were placed during sampling sets 2 and 3
to investigate whether contamination may exist in upstream tributaries and other locationr in and
around Foster Creek.

The passive vapor-sampler set 2 data results for benzene in bed sediment ranged fror 1,500
to 67,000 ion counts (table 5). The mean was 18,200 ion counts of benzene, and the standard
deviation was 18,100. Sample locations 30, 33, 34, 35, and 40 contained benzene with ion count
levels over 36,300 and were considered "suspect” (fig. 11). A travel blank, sample 58, contained
1,100 ion counts of benzene.

Five trends were apparent in the set 2 data:

1. Sediment in the area around the CPW intake contained slightly elevated ion ccnts of
benzene (the average benzene count in the area of the CPW intake was 30,900, compare to an
average of 18,200 for all set 2 locations). Although the average benzene ion count in tl'is area
does not exceed the mean plus one standard deviation criterion, three tubes were sampled in this
immediate area and each contained slightly elevated benzene levels. As such, sediment and (or)
ground-water contamination in this area was considered to be a possibility. A previous s‘udy by
U.S. Department of Navy (1991), found benzene concentrations of 47 pg/kg in the sediment of
this area. This area was chosen for further quantitative water-quality sampling.

2. Sediment in the culvert below a trailer park (sample sites 33 and 34) conta‘ned an
average of 39,400 ion counts of benzene compared to an average of 18,200 ion counts of I'*nzene
for the entire set 2 data. Although the relative difference between benzene ion counts at th= trailer
park culvert and at all locations in this data set was not great, this location was included in
subsequent water-quality sampling. This tributary drains a part of south-central NWS th-ough a
6-ft-diameter concrete culvert. Iron precipitation, dank odors, and scattered domestic debris are
prevalent at the storm-drain outfall where the tributary forms (fig. 11). This site corresponds to
the water-quality and bed-sediment quality sample site 7.

3. Bed sediment at sample site 40, in the westernmost tributary at Pulaski Stre~t was
considered "suspect” (67,000 ion counts of benzene compared to an average of 18,200 for all set 2
locations). This tributary is directly downgradient from a gasoline and service station where, in
1984, a 1,358 gal unleaded gasoline spill occurred (S.M. Wilson, Southern Divisior Naval
Facilities Engineering Command, written commun., 1994). The spill was diked and recovered,
and reportedly, no gasoline reached any waterway.

4. Sample locations in the uppermost reaches of Foster Creek (sample sites 28 to 31 and 46
to 49) contained an average of 14,100 benzene ion counts compared to an average of 18,200 ion
counts of benzene for all set 2 locations. Elevated benzene ion count levels along this part of
Foster Creek suggest the possibility that ground water containing benzene may be discharging
into Foster Creek in this area. This, coupled with dilution and the natural flushing action
associated with tidal influences, could have resulted in a zone of low-level benzene residu-.



5. Although two sample locations (sample sites 8 and 23) were considered "suspect” in the
area of SWMU 3 on the basis of set 1 results, benzene ion counts in the set 2 data in the area of
SWMU 3 (sample site 28) were generally lower (2,500 ion counts) than in other areas of Foster
Creek (an average of 18,200 ion counts for all set 2 locations).

Overall, the set 2 data suggest that some (presumably background level) of benzene exists
throughout the sampled areas of the Foster Creek Basin, but the findings are inconclusive. A
travel blank, sample 58, contained 1,100 ion counts of benzene. Two bed-sediment samples
contained ion counts of benzene at or less than 1,800, and the remaining bed-sediment samples
contained at least 2,000 ion counts of benzene. As described in the Data Collection and Analysis
section, the sample methods apparently did not affect the benzene ion count results.

A summary of the passive vapor sampler screening results shows that benzene was p-esent
in every sample tube. This was presumably an outcome of the sensitive, accumulating effect
(chemical build-up over time) of the samplers. The background levels of benzene result from two
probable sources: (1) airborne contaminants encountered during tube placement, retrieval, and
transport; and (or) (2) extremely low background levels that would otherwise go undetected if a
cumulative sampling technique was not used. In any case, low-level benzene counts were
generally considered to be background for a given area. The sample locations considered to be
potentially contaminated, on the other hand, were those with benzene values that were
significantly greater than the sample mean.

hemicai ii

Currently (1995), neither the USEPA nor SCDHEC have published regulatory criteria for
chemical concentrations in streambed sediments. Methods for determining sediment-quality
criteria have been investigated (Di Toro and others, 1991), but have not yet resulted in regulatory
statute standards. Therefore, sediment-quality data were compared to results from 2 backg-ound
sample locations (sites 1 and 9) (table 8 at end of report). Sample sites 1 and 9 were selected as
background sites for bed sediment in Foster Creek on the basis of land use (fig. 16). Samplir g site
1 was downgradient from a forested swamp and upgradient from suspected contaminant sources.
Sampling site 9 was located at the mouth of Foster Creek at the Bushy Park Reservoir. The
chemical concentrations detected during bed-sediment sampling are listed in table 8. Compnunds
that were not detected in the bed sediments were not included in the table.

A number of compounds detected during bed-sediment sampling were considered
laboratory artifacts. As discussed earlier, methylene chloride, acetone, and 2-butanone, for
example, are commonly associated with laboratory extraction procedures. These compounds
were detected sporadically, and at relatively low concentrations, in the bed-sediment san-oles.
For example, methylene chloride was detected in 10 of 13 samples at concentrations ranging from
4 to 58 pg/kg; acetone was detected in 12 of 13 samples at concentrations ranging fromr 8 to
2,200 pg/kg; and 2-butanone was detected in 8 of 13 samples at concentrations ranging from 49 to
370 pg/kg. Sampling site 3 contained 2-hexanone at an estimated concentration of 73 pg/kg.

Several sample locations contained a small number of SVOC’s at very low concentrations.
For example, PAH’s such as fluoranthene, pyrene, benzo(a)pyrene, benzo(b)fluoranthene, and
benzo(k)fluoranthene were typically at concentrations bordering on the lower limits of dete~tion.
Because these concentrations were so low, the laboratory reported their values as estimates.
Current USEPA and SCDHEC regulations do not address these compounds in sediment.
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Polynuclear aromatic hydrocarbons are compounds with relatively low solubilities and
vapor pressures, and high octanol-water partition coefficients (Smith and others, 1987). Thus,
their tendency is to strongly partition from water into particulate and dissolved organic matter,
and organic sediment. Sediment concentrations of PAH’s can be several orders of magnitude
higher than water concentrations (Smith and others, 1987). In addition to the strong tendency to
sorb to sediment, some PAH’s have been shown to biodegrade. Other transpcrt and
transformation processes, such as volatilization and hydrolysis, are not important fate processes.
Polynuclear aromatic hydrocarbons are derived from natural and anthropogenic sources, bt their
occurrence in water is believed to stem primarily from anthropogenic inputs (Cossa and others,
1983). As discussed in the low-flow and storm-flow water-quality sections of this report, PAH
concentrations were below detection limits in all surface-water samples. Smith and others (1987)
reported that PAH residues in soils are typically higher in highly populated, industrialized areas.
Polynuclear aromatic hydrocarbons are produced during high temperature incineration such as
manufacturing processes, municipal incineration, and forest fires. Some PAH’s, including
benzo(a)pyrene, are considered to be carcinogens (Searle, 1976).

Three pesticide compounds were detected at sampling site 6, and one at sampling site 22
(fig. 16). Sampling site 6 contained 4,4-dichlorodiphenylchloroethylene (DDE) at 15 pg/kg;
4,4-dichlorodiphenyldichloroethane (DDD) at 6.9 pg/kg; and gamma-chlordane at 11 pg/kg.
Sampling site 22 contained 4,4-DDE at 21 pg/kg. Guidance concentrations in bed-sediment do
not exist for these compounds. Pesticide compounds are characterized by low atueous
solubilities and relatively high octanol-water partition coefficients and high sorption coef™~ients
(Smith and others, 1987). These compounds readily sorb to organic matter in sediment. As a
result, aqueous concentrations of pesticide compounds are typically low. This was the case for
pesticide concentrations detected during low-flow and storm-flow surface-water sampling (tables
6 and 7). Concentrations of all analyzed inorganic compounds generally were not significantly
higher than background concentrations.

In general, few chemical anomalies were detected in the bed-sediment data. Most
compounds were detected at or near background concentrations or were associate1 with
laboratory contamination. Spatial trends were not apparent.

SIMULATION OF POTENTIAL CONTAMINANT TRANSPORT

Potential contaminant transport was simulated by using the particte-tracking function of the
BRANCH flow model. Particle-tracking simulated the one-dimensional path a particle of water
would take when released at a given stream location. The potential contaminant was assumed to
be dissolved in water, and, as a result, would behave as a particle of water. Additionally, the
contaminant was assumed to be conservative, and therefore, would not degrade or partition into
organic tissue (marsh grass, for example) or sediment. Particle movement was assumed to
depend only on the velocity of flow and not diffusion or dispersion. This should repr2sent a
conservative estimate of chemical movement. The contaminant transport analysis was ir*ended
to discern what effects precipitation, tidal fluctuations, water-supply withdrawals, and locetion of
chemical injection have on the movement of a conservative chemical.

To model potential contaminant transport, rainfall runoff, flow, and particle tracks were
simulated. These are described in the following sections.
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rm-Runoff Simulation

Runoff from the Foster Creek Basin were simulated using the Soil Conservation Service
(SCS) rainfall-runoff model (McCuen, 1982). The SCS model estimates runoff based on rzinfall,
subbasin area, soil characteristics, time of concentration (TC) of runoff in a basin, and level of
urbanization. Time-series rainfall data are applied to an SCS dimensionless unit hydrogr~oh to
generate the hydrographs. The calculated runoffs from subbasins were then used as input to the
BRANCH model to determine the effects of runoff on particle transport in Foster Creek.

The SCS runoff curve-number method was used to determine the storm runoff for subbasins
within the Foster Creek drainage basin (Soil Conservation Service, 1986). The method uses
rainfall and the basin curve number to obtain total runoff. The curve number is a function of the
basin soil type(s), plant cover, land use, percent impervious area, soil moisture, and antec~dent-
runoff conditions. Surface retention characteristics, such as plant cover, land use, and percent
impervious area, were obtained from USGS 7.5-minute series topographic maps, aerial
photographs, and basin reconnaissance. Soil types were obtained from the SCS Soil Surey of
Berkeley County, S.C. (Long, 1980). Rainfall data were collected hourly at the centrally-located
USGS gaging station 021720612. Rainfall was assumed to be uniform across the Foster Creek
Basin.

Total runoff was estimated using the unit-hydrograph theory and SCS computational
procedures (Soil Conservation Service, 1986). The SCS computations were related to the TC
within each subbasin. TC is the time it takes for runoff to travel from the hydraulically most
distant point in the basin, and is a function of the subbasin travel distance, slope, land use, and
size. Computations of TC for each subbasin were made using methods described by Bohman
(1990, 1992) for urban and rural watersheds.

For purposes of SCS modeling, the Foster Creek drainage basin was divided into 17
subbasins (fig. 17). Each subbasin corresponded to at least one recognizable tributary. The
subbasin parameters used in the SCS rainfall-runoff model are listed in table 9. The curve number
and TC were used in the SCS model, in conjunction with precipitation and drainage area, to
determine a simulated hydrograph for each subbasin.

According to the SCS methodology, an SCS hydrograph is pre-calibrated. However, as a
check of method applicability to the Foster Creek Basin, SCS-generated hydrographs from
selected subbasins were compared to hydrographs constructed from observed data. Th= SCS
model results were verified using streamflow data collected at two subbasins in the stud: area,
subbasin 1 and subbasin 5. Subbasin 1 represented typical rural-runoff conditions, and subtasin 5
represented typical urban-runoff conditions.

Runoff data from two of the largest storms in 1992 were used to test the SCS model. One
series of storm activity began on June 8, 1992, and produced 5.74 in. of rain over 5 days. The
other series of storm activity began on August 13, 1992, and produced 6.94 in. of rain over { days.
The recurrence interval of these storms was just under two years. Hourly precipitation data
obtained from the USGS rain gage were divided into 12 uniform values (S-minute intervals) for
input into the SCS model. The hourly rainfall recorded for June 8 to 25, 1992 and Augus* 13 to
29, 1992, is listed in table 10 (at end of report).
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Data from subbasin 1 were compared for the storms beginning on June 8, 1992 and August
13, 1992. For the storm activity beginning on June 8, 1992, the simulated-runoff volume
(4.16 in.) varied from the observed-runoff volume (6.36 in.) by about 35 percent. The simulated-
peak runoff (406 ﬁ3/s) varied from the observed-peak runoff (449 ﬁ3/s) by about 10 percent
(fig. 18). For the storm activity beginning on August 13, 1992, the simulated-runoff volume
(5.23 in.) varied from the observed-runoff volume (4.65 in.) by about 11 percent. The simulated-
peak runoff (385 ft3/s) varied from the observed-peak runoff (321 ft3/s) by about 17 percent
(fig. 19).

Observed and simulated hydrographs for subbasin 5 were compared for the storms
beginning on June 8, 1992 and August 13, 1992. For the storm activity beginning on Jne 8§,
1992, the simulated-runoff volume (4.16 in.) varied from the observed-runoff volume (5.41 in.)
by about 23 percent. The simulated-peak runoff (68 fi/s) varied from the observed-peak runoff
(44 ft3/s) by about 35 percent (fig. 20). For the storm activity beginning on August 13, 1992, the
simulated-runoff volume (5.23 in.) varied from the observed-runoff volume (5.33 in.) by about
2 percent. The simulated-peak runoff (92 fi3/s) varied from the observed-peak runoff (74 ft/s) by
about 20 percent (fig. 21).

The SCS model was used to simulate hydrographs for the other 15 subbasins in the Foster
Creek drainage basin. The resulting hydrographs were input into the 1994 BRANCH model at
nine locations along Foster Creek (fig. 22).

Flow Si ion

Flow in Foster Creek was modeled using the BRANCH model (Schaffranek and others,
1981). The BRANCH model is a one-dimensional, unsteady-flow computer model for simulation
of flow in interconnected channels. The model also contains a function that tracks the trevel of
particles injected at user-specified points. The BRANCH model was modified to route flow
through hypothetical flap-type tide gates at the Bushy Park Dam, allowing for simulation cf flow
through the dam. As discussed earlier, flow through the dam was simulated to measure the
potential changes in the flushing capacity of Foster Creek under such conditions. Four gates, 6 ft
in diameter, were simulated.

The BRANCH model used in the study was originally fitted to the entire Cooper River-Back
River flow system by Bower and others (1993). However, the Foster Creek part of the 1993
model was modified by more-extensively defining the bathymetry of Foster Creek and by adding
flow inputs for runoff in the Foster Creek Basin.

The BRANCH model solves the one-dimensional equations of continuity and motion
(Schaffranek and others, 1981):

6Z . 0Q _ _
B—é-t-+6—x—q—0, 1
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August 1992

Figure 19. Observed and simulated hydrographs for storm activity, subbasin 1, Foster Creek Basin, August 1992.
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Figure 20. Observed and simulated hydrographs for storm activity, subbasin 5, Foster Creek Basin, June 1992.
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where

is the total channel top width, in feet;

is the top width of the conveyance part of the cross section, in feet;

is the stage, in feet;

is the time, in seconds;

is the discharge, in cubic feet per second;

is the longitudinal distance along the channel, in feet;

is the lateral side-channel flow, in cubic feet per second, per foot;

is the cross-sectional area, in square feet;

is the gravitational acceleration, in feet per second per second;

is a function defining flow-resistance;

is the hydraulic radius, in feet;

is the wind velocity in feet per second, occurring at an angle a from the positive
X-axis;

is the x-component of the lateral side-channel flow velocity, in feet per second;

is the dimensionless momentum coefficient; and

is the dimensionless wind resistance coefficient.

o
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The flow-resistance function is expressed as k = (eta/1.486)> where eta is a flow-resistance
coefficient.

In the derivation of equations (1) and (2), it is assumed that the flow is essent’ally
homogeneous in density and that hydrostatic pressure is present everywhere in the chiannel. The
channel is assumed to be reasonably straight, of simple geometry such as having a rectangular or
trapezoidal shape, and to have a mild and uniform gradient. '

Approximate solutions can be obtained for the nonlinear partial-differential unsteady-flow
equations by finite-difference techniques. A weighted four-point finite-difference approximation
is used in the BRANCH model. The finite-difference technique is described in detail by
Schaffranek and others (1981).

The model uses values simulated at the current time step as initial conditions for computing
the next time-step quantities, and proceeds step-by-step to the designated end of the simulation.
Initial values of stage and discharge are required to start the simulation. These values can be
obtained by measurement, computed from another source, derived from a previous unsteady-flow
simulation, or estimated. For this investigation, initial values were obtained from field
measurements and interpolation.

All model cross sections adequately define conveyance, area, width, and storage capz-ity
and are referenced to a common datum. A segment is a flow reach bounded by two cross sections.
A branch is a single flow reach composed of multiple segments. An internal junction point is a
point where two or more branches are joined. Flow may be extracted from or added to the model
at internal junction points. External junction points are ends of branches that do not connect to
other branches. The model is driven by stages or flows input at external junction points. All other
stages and flows are computed within the model. An idealized BRANCH model schematization
is shown in figure 23.
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Figure 23. Idealized BRANCH network (from Bower and others, 1993).
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Water flowing overbank into marsh areas was assumed to be held in "dead storage” with no
upstream or downstream velocity (Bower and others, 1993). In grassed marsh areas with fairly
shallow depths and high resistance to flow by marsh grass, water is primarily distributed late~ally
by feeder tributaries at high tide rather than flowing strongly inland or seaward. In addition,
velocity decreases to zero at high slack after the water flows into the marsh grasses. Use of "dead
storage" was considered to be a more viable modeling method than weighting the roughness
coefficients of the main channel and grassed marsh areas.

Schematization

The 1993 BRANCH model simulated flow in the Cooper River from Pinopolis Dam at Lake
Moultrie to Yellow House Creek, 5 mi seaward of the Back River, and to the Foster Creek and
Bushy Park Reservoir reach (fig. 24) (Bower and others, 1993). The model branches, junct ons,
and boundaries are shown in figure 25.

Adjustments were made to the 1993 BRANCH model schematization to account for
additional cross-section geometry data in Foster Creek. This changed the Foster Creek section of
the 1993 model from two branches with 8 cross sections to 8 branches with 11 cross sect'ons.
This change allowed the model to be reconfigured to include the input of SCS simulated
hydrographs at several locations along Foster Creek.

Other adjustments were made to the 1993 BRANCH model schematization. Gage station
02172065 was removed after the 1993 BRANCH 1nodeling project; in turn, gage station
021720675, located about one 1ile downstream, was installed to measure stage in this reach
(fig. 26). As a result, the main stem of Cooper River at the downstream boundary of the model
was extended from node 21 to node 34 (fig. 26). A schematic of the reconfigured BRAl 'CH
network incorporating all adjustments is shown in figure 26. As discussed in detail in Bower and
others (1993), the 1993 BRANCH model used stage data from 17 gaging stations (fig. 24), flow
data from 15 locations (fig. 27), and cross-section geometry data from locations sp~ced
approximately 1-mi apart in the inodeled reaches.

Calibration and Testing of the Flow Model

The 1993 BRANCH model was calibrated by using 15 flow measurements and stage data
collected at 17 stations on July 24-25, 1990; the model was verified using data colle~ted
November 7, 1990 and April 25, 1991. In general, the model was calibrated by fitting simulated
data to observed data by adjustments in datum corrections, channel-roughness coefficients, and
storage based on various hydraulic considerations. In a tidal environment, small flows cannot be
measured or simulated as accurately as large flows. Therefore, the calibration process gave more
weight to the large positive or negative flow values.

As discussed earlier, the 1993 BRANCH model schematization was modified to more-
completely define flow in Foster Creek. For example, adjustments were made to the channel
geometry in Grove Creek, additional cross-section geometry was included for Foster Creek, and
runoff data from the Foster Creek Basin were added. The 1993 BRANCH model, adjusted as
described, became the model used in this investigation (1994 BRANCH model).
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The 1994 BRANCH model was calibrated with the stage and flow data used in the 1993
model. Simulated and observed stage at node 1 for July 24, 1990, and simulated and obs=rved
flow at node 5 for July 24, 1990, are shown in figures 28 and 29. The locations of nodes 1 and 5
are shown in the 1994 BRANCH schematization (fig. 26). The 1994 BRANCH model calibration
was verified by comparing simulated and observed flow for November 7, 1990 (fig. 30).

The discrepancy between simulated and observed flow at node 5 was due, in part, to the fact
that the 1994 BRANCH model simulations for July 24, 1990 and November 7, 1990, did not
include runoff inputs. For these time periods, simulated stage and flow were driven primarily by
tide effects. Runoff inputs were not available for these time periods because the rain gage, ured to
derive the runoff calculations, had not yet been installed in the Foster Creek Basin. A South
Carolina weather-service rain gage located about 8 mi away from the study area indicated a
rainfall of 2.6 in. during July 18-24, 1990, and, as such, rainfall likely occurred in the Foster
Creek Basin as well. In any case, closer fits between simulated and observed flow were obtained
for the other locations in the 1994 BRANCH model schematization.

Although there was some discrepancy between simulated and observed flow in Foster Creek
during the calibration and verification runs, these differences were relatively minor when the
effects of runoff were considered. Further analysis showed that the input of runoff was the
primary driving force behind particle transport in Foster Creek. To illustrate, the volumetric
difference between simulated and observed flow in Foster Creek on July 24, 1990 (fig. 29), is on
the order of plus or minus tens of thousands of gallons. On the other hand, a rainfall vc'ume
similar to that which occurred around July 24, 1990, would produce, based on simulated rnoff
estimates, runoff in the Foster Creek Basin on the order of millions of gallons.

Flow Simulations Used for Transport Analyses

Using the 1994 BRANCH model, flow was simulated during two periods in 1992: June 8 to
25 and August 14 to 29. These periods correspond to the two largest storms of 1992. The periods
were selected because observed runoff data were available for part of the Foster Creek Rasin
during these times and because these periods represented a high potential for particle transport in
Foster Creek due to a comparatively large runoff.

June 8-25, 1992 and August 14-29, 1992, were the two flow periods simulated b the
BRANCH model. That is, these two periods were used as the basis for subsequent simulations, in
which runoff, opening and closing of the dam, and withdrawal at the CPW intake were allow<d to
vary. Lunar tides and industrial withdrawals along the modeled reaches were kept consistent from
one model run to the next. A number of theoretical rainfalls (a 2-year, 12-hour storm, for
example) (Hershfield, 1961) were substituted for actual rainfall during the two storm periocs. A
2-year, 12-hour storm is an accumulated 12-hour rainfall expected to be equalled or exceec=d at
an average time interval of 2 years. Modeling several runoff events during the two periods of
flow simulation allowed a comparison of the effects that varying runoffs have on contaminant
transport.

For each storm simulation, particle movement was modeled with CPW withdrawal turned
on and off, and with the Bushy Park Dam opened and closed. A theoretical storm was simulated
with the CPW intake either withdrawing according to its normal schedule or set at zero. The
same storm also was simulated with the Bushy Park Reservoir dam either opened using simulated
control gates (Bower and others, 1993) or closed.
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Figure 28. Observed and simulated stage in Foster Creek
at node 1, July 24, 1990.
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at node 5, July 24, 1990.
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Figure 30. Observed and simulated flow in Foster Creek
at node 5, November 7, 1990.
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Particie-Tracking Modei

Simulated particles were injected into Foster Creek at user-defined points, using the
particle-tracking option of the 1994 BRANCH model. A simulated particle represented the
centroid of a potential contaminant pulse. The simulated injection points, labeled A through J,
were located at ten points along Foster Creek (fig. 22). Particle movement along the user-defined
track was then computed based on mean velocities and elapsed time. The particle-tracking model
does not account for decay, dispersion, or diffusion. Because the particle-tracking funct’on is
dependent only on the stream velocity, calibration is unnecessary.

The particle-tracking simulation is set up to allow the simulated particles to be withdrawn
from the model only at external junction points. Therefore, if a large amount of water is
withdrawn from the model at an internal junction point, a simulated particle may be attrac‘ed to
that point and held. In this case, the particle is assumed to be withdrawn, if pumpage occurs.

Depending on modeled flow, simulated particles could travel upstream or downstream in the
particle-tracking scheme (fig. 31) defined for Foster Creek and Bushy Park Reservoir. Particles
could not be removed from the model at internal junctions and, therefore, could appear to move
back and forth with the tide in the vicinity of the CPW intake, for example. It was assum<d, in
this case, that the particle was removed from the system, if CPW was withdrawing water.
Tracking was measured in terms of the number of miles traveled with time from the uppe-most
reaches of Foster Creek.

The particle-tracking function of the 1994 BRANCH model was used for a number of
observed and simulated storm events. For example, in addition to other storm periods, particle
tracking was run for the following periods: June 9 to 17, 1992; June 9 to 25, 1992; August 14 to
28, 1992; and August 14 to 29, 1992. Theoretical storms also were simulated, including a 2-year,
2-hour; a 2-year, 12-hour; a 2-year, 24-hour; and a 10-year, 12-hour storm. Rainfall volum=s for
the theoretical storms were obtained from Hershfield (1961). The theoretical storms, inclding
theoretical rainfall, were simulated and run during the August and June storm periods.

Tran imuiation

Results of several particle-tracking simulations along Foster Creek demonstratec four
significant points:

1. During baseflow conditions, particles moved back and forth with the tide but exhibited
very little net movement except in the lower 0.6-mi reach, where tides caused the
particle to release into the Back River.

2. Typical CPW intake withdrawals slightly attracted particles in Foster Creek toward the
CPW intake, except during conditions of relatively large runoffs. These withdrawals
had a greater influence on particles downstream of the intake than on those upstre~m of
the intake.

3. Simulated opening of the Bushy Park Dam had little effect on particle movement in
Foster Creek under the modeled conditions.

4. As the volume of runoff increased in the Foster Creek Basin, particles in Foster Creek
were transported greater distances downstream.
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Simulated injection of particles into Foster Creek during base-flow conditions resulted in no
net particle movement in Foster Creek except in the lower 0.6-mi reach, where out-going tides
caused particle release into the Back River. To approximate this condition, simulated runoffs in
the Foster Creek Basin were set to zero. The validity of this approximation was confirmed during
various dry-weather field surveys in which very little tributary discharge occurred in the Foster
Creek Basin. The base-flow simulation was run during June 9-17, 1992 and August 14-27, 1992.
The simulation results were obtained with the CPW intake withdrawals set to zero (fig. 32 and
33). These figures are a graphical representation of particle injection locations A-J along Foster
Creek and particle travel distance with time. On the figures, time increases from lefi to right;
distance from the head of Foster Creek increases from top to bottom. To illustrate, part'~le A on
figure 32 was injected just downstream from the head of Foster Creek, at the USGS gage station
021720612. This particle remained very near its point of injection for the entire simulation period
of 180 hours. The figures also show discharge with time, at the head of Foster Creek (top of
figure) and stage with time, at USGS gage station 021720675 (bottom of figure). During the June
and August simulations, particles injected at points A through H remained near their points of
injection, moving back and forth with the tide. Particles injected at point J were assuried to be
drawn into an industrial intake simulated at this location (fig. 32). During the August simulation,
the particle injected at point I also moved to the mouth of Foster Creek. Particle movenent was
driven by the prevailing tide conditions of the modeled period.

Results of simulations during base-flow conditions were generally the same for the June and
August period. Relatively little net movement occurred in Foster Creek during l-ase-flow
conditions, with the exception of the lower 0.6-mi reach near the mouth (particle I) in tk= August
period. This finding confirmed earlier low-flow studies that suggested that most of Foster Creek
does not flush during low-flow periods (Bower and others, 1993; de Kozlowski, 1990).

In general, typical CPW intake withdrawals slightly attracted particles in Foster Creek
toward the CPW intake. Moreover, these withdrawals generally had a greater influence on
particles downstream of the intake than on particles upstream of the intake, due in part to
incoming tide effects. The effects of CPW withdrawal were observed by setting the simulated
CPW withdrawal rate to zero during a number of simulations and comparing the result: to those
modeled using typical CPW withdrawal rates. For example, particles showed no net movement
during base-flow conditions from August 14-27, 1992, when CPW withdrawals were st to zero
(fig. 33). However, particles were slightly attracted to the intake when withdrawals were set to
typical rates (about 39 ft3/s) (fig. 34). Similar results were observed for the theoretic~l 2-year,
12-hour storm simulated for August 12-26, 1992. Again, particles were attracted to the CPW
intake when the CPW intake was pumping at 39 ft’/s (fig. 35); however, when t-e intake
withdrawals were set to zero, the particles did not move upstream toward the intake f-om their
downstream locations (fig. 36). It should be noted, however, that this trend was not pronounced
and was not apparent during relatively large runoff conditions. In these cases, the runoff would
offset the relatively minor effects on particle movement of typical CPW withdrawals. This point
is illustrated during the relatively large rainfall runoff of August 9-22, 1992. All parti~les were
flushed from the creek during the August 9-22, 1992 period, regardless of CPW withdrawal rates.
This is shown in figures 37 and 38, in which CPW withdrawals were 0.0 ft¥/s and 39 ft/s,
respectively.
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Particle movement in Foster Creek was simulated with the Bushy Park Dam closed, and
with the dam opened. Open-dam conditions were simulated using an equivalent of four
6-ft-concrete pipe culverts with flap-type gates (Bower and others, 1993). Only a slight
difference in particle movement was noted between the dam-open and dam-closed cor-itions.
For example, dam-open (fig. 39) and dam-closed (fig. 40) conditions were simulated using a
theoretical 10-year, 12-hour storm period that was substituted for rainfall during August 12-26,
1992. Simulated particles could move through the dam and be transported out of the Bushy Park
Reservoir when the dam was open. However, particle movement in Foster Creek was nearly the
same for dam-open and dam-closed conditions with one exception. The particle injected at point
E was flushed from the system (along with particles at locations F, G, H, I, and J) in the dam-open
conditions (fig. 39). In the dam-closed conditions, the particle at point E remained ir Foster
Creek, although it nearly left the creek at one period of time (fig. 40). Particles at points F, G, H,
I, and J exited Foster Creek as in the dam-open conditions.

In summary, particles in the upper reaches of Foster Creek were only slightly influenced by
the dam conditions. The primary difference between the two conditions occurred after a particle
reached the Bushy Park Reservoir. If the dam was closed, the particle remained in the Bushy Park
Reservoir or was withdrawn at an industrial intake. If the dam was opened, a particle cold exit
the Bushy Park Reservoir and be transported to the Cooper River.

Simulated particles in Foster Creek were transported greater distances as the volume of
runoff increased in the Foster Creek Basin. To illustrate this, three storms were simulatec' during
June 7-17, 1992. During these simulations, CPW withdrawals were set to zero, and the dam was
closed. The storms included a 2-year, 12-hour storm (3.6 in. of rain, 224 Mgal of runoff at the
head of Foster Creek over about 40 hours) (fig. 41); a 10-year,12-hour storm (5.6 in. of rain,
434 Mgal of runoff at the head of Foster Creek over about 40 hours) (fig. 42); and the actual
rainfall during June 7-17, 1992 (5.9 in. of rain, 456 Mgal of runoff at the headwaters of Foster
Creek over about 100 hours) (fig. 43). Particles in Foster Creek moved farther downstrzam for
each simulation in which the total volume of rainfall increased (figs. 41, 42, and 43). Similar
results were obtained when comparing a 2-year, 12-hour theoretical storm during August 12-26,
1992 (fig. 35) to the 10-year,12-hour theoretical storm during the same period (fig. 40).

Based on the particle-tracking simulations for Foster Creek, a storm that produced 7 in. of
rain over 8 days (as in the storm of August 13-22, 1992), was sufficient to cause a particle
released at the Foster Creek headwaters to reach the mouth within 8 days. Although this amount
and intensity of rainfall corresponded to less than a 2-year theoretical event (2-year, 2-hour;
2-year,12-hour; and 2-year, 24-hour storms, for example), the rainfall occurred over several days
and resulted in compounded runoff in the basin. Again, the important factor that infienced
flushing characteristics in Foster Creek was the total volume of runoff in the basin. In other
words, a short duration theoretical storm event (2-year,12-hour or 10-year, 12-hour) was not
sufficient by itself to flush the creek completely. A longer duration rainfall, and therefore greater
total runoff volume, was required to flush the creek completely. Model results indicated that,
during wet periods, complete flushing in Foster Creek is not uncommon. The time requ‘red for
complete flushing, that is, for a particle in the headwaters to reach the mouth, is often 7 days or
longer.
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SUMMARY

Foster Creek, a freshwater tidal creek in Berkeley County, South Carolina, is located in an
area of potential contaminant sources from residential, commercial, light industrial, and military
activities. The creek is used as a secondary source of drinking water for the surrcinding
Charleston area. Foster Creek meets most of the freshwater quality requirements of St~te and
Federal regulatory agencies, but often contains low concentrations of dissolved oxygen and has
been characterized as eutrophic. Investigations of water- and bed-sediment quality wer= made
between 1991 and 1993 to assess the effects of anthropogenic sources of contamination or Foster
Creek.

Results of preliminary screening for volatile organic compounds in sediment and surface-
water headspace helped reduce the number and spatial extent of water-quality and bed-sediment
samples needed to assess water- and bed-sediment quality in the Foster Creek Basin. Eleven of
95 screening locations were considered “suspect”.

The 14 low-flow surface-water sampling sites in Foster Creek and its tributaries cotained
few chemicals directly attributable to anthropogenic sources. All chemical concentrations were
below USEPA MCL’s and SCDHEC regulatory criteria for drinking water.
Nitrosodiphenylamine, a semivolatile compound believed to contribute to adverse taste and odor
in drinking water, was not detected during the low-flow surface-water sampling, although
previously detected in 1988. One location, sample site 5, contained an extreme'y low
concentration of gamma-BHC (0.1 pg/L). A number of naturally occurring inorganic comnounds
were detected throughout Foster Creek and its tributaries during low-flow surface-water
sampling. Of the inorganic compounds detected, three exceeded the USEPA SMCL’s: aluminum
(650 pg/l. maximum), iron (2,740 pg/LL maximum), and manganese (85.6 pg/L. maximum).
These metals typically are found in surface water and ground water in the study region, and
normally exceed the USEPA SMCL’s in nearly all coastal freshwater stations sampled by
SCDHEC. Dissolved-oxygen concentrations were lowest at sample site 12 at the CPW intake
(3.3 mg/L), and at the next downstream sampling site, site 11 (3.8 mg/L)). The average
dissolved-oxygen concentration in Foster Creek was 5.3 mg/L.

Water-quality samples were collected at 16 locations during storm-flow conditiors. No
volatile organic compounds at concentrations approaching regulatory limits were dete~ted in
samples from any of the locations. Three pesticide compounds were detected in samples from
three locations. These included endosulfan sulfate (site S5sw) at a maximum concentration of
0.18 pg/L, alpha-BHC (sites 1sw and 20sw) at a maximum concentration of 0.0046 ug/L, and
heptachlor epoxide (site 20sw) at a concentration of 0.0085 pg/L.. Regulatory standards do not
exist for these compounds. Of the inorganic compounds detected, aluminum, ircn, and
manganese concentrations exceeded the USEPA SMCL’s. Aluminum was detected at a maximum
concentration of 12,400 pg/L, iron at a maximum concentration of 14,400 pg/L, and marganese
at a maximum concentration of 119 pg/L. Standard units of pH exceeded both the SCDHEC
(8.0 standard units) and USEPA SMCL (8.5 standard units) criteria in sample locations Ssw-1
(8.6 standard units) and Ssw-2 (9.1 standard units). Dissolved-oxygen concentrations were below
the SCDHEC limits at four locations; the lowest dissolved-oxygen concentration measured was
3.0 mg/L at 12sw-2. This finding was consistent with the decreased dissolved-oxygen
concentration at site 12 during low-flow sampling. Fecal coliform concentrations varied widely,
from about 20 to 89,000 col/100 mL.
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Twelve locations were sampled for chemicals in bed sediment. A small number of volatile
organics were detected at very low concentrations and were generally considered laboratory
artifacts. Several sampled locations contained a small number of SVOC’s at verv low
concentrations. For example, PAH’s such as fluoranthene, pyrene, benzo(a)p:rene,
benzo(b)fluoranthene, and benzo(k)fluoranthene were typically at concentrations near the limits
of detection. Three pesticide compounds were detected at site 6 (4,4-DDE at 15 pg/kg, 4,4-DDD
at 6.9 pg/kg, and gamma-chlordane at 11 pg/kg); one pesticide compound was detected at rite 22
(4,4-DDE at 21 pg/kg).

Concentrations of inorganic compounds were below the USEPA guidance criterion for bed
sediments in a freshwater environment and an alert value. Moreover, the inorganics
concentrations generally were not significantly higher than background conditions.

Particle-tracking simulations in Foster Creek yielded several significant findings. In
general, baseflow conditions resulted in very little net movement of particles in Foster Creel-. The
daily tide cycle caused the particle to move back and forth, but otherwise affected particle
movement very little. Typical withdrawal rates in the CPW intake slightly attracted perticles
toward the CPW intake during conditions of moderate to small rainfall runoffs. The CPW
withdrawals had a greater influence on particles downstream of the intake than on those up-tream
of the intake. The influence of CPW withdrawals was much less apparent during conditions of
large runoffs. Simulated opening of the Bushy Park Dam did not noticeably affect particle
movement in Foster Creek under the modeled conditions. And finally, as the volume of runoff
increased in the Foster Creek Basin, particles in Foster Creek were transported greater distances
downstream.
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