STREAMFLOW, LAKE-FLOW PATTERNS, RAINFALL, AND QUALITY OF
WATER AND SEDIMENT IN THE VICINITY OF A HAZARDOUS-WASTE
LANDFILL NEAR PINEWOOD, SOUTH CAROLINA, MARCH 1987
THROUGH EARLY JANUARY 1989

By Ronald A. Burt, Peter B. McMahon, J. Frederick Robertson,

and Douglas D. Nagle

U.S. GEOLOGICAL SURVEY

Water-Resources Investigations Report 91-4056

Prepared in cooperation with

SOUTH CAROLINA PUBLIC SERVICE AUTHORITY

Columbia, South Carolina
1991




U.S. DEPARTMENT OF THE INTERIOR

MANUEL LUJAN, JR., Secretary

U.S. GEOLOGICAL SURVEY

Dallas L.erck, Director

For additional information
write to:

District Chief

U.S. Geological Survey
Stephenson Center-Suite 129

720 Gracern Road

Colunbia, South Carolina 29210

Copies of this report may be
purchased froms

U.S. Geological Survey
Books and Open-File Reports
Federal Center

Box 25425

Denver, Colorado 80225



CONTENTS

ADSEIACL teveeeesncecscesssncsesssscassncscnsssnnnsns Ceecsessesessnanes
INtroduction seceeeeceeeceesccoscsesssessccesssssssessscsssssssssssnss
PUTPOSE 8GN0 SCOPE eeceeccscccscssscsessssssssssssssssssssscssacccs
StUdY GTre8 ceeeeesccescecsssnssescssessscessacssonss ceessessaanan
Previous investigations ....cecieeeeecieeieiececcecnenns ceesesnns
Patterns of surface drainage and lake flOW .eecececececencecccncancnas
Surface drainage ceeeeececsessesssssessesssssosssssssssssssascnss

Lake flow and dye-tracer tesStS .seeceeceeccscsesessssccsscscosannse
Station locations and descriptions ..ceeeeeseesceccocsscescsscsasnncans
Station 1 ceveeeeeeeeereececoeecsecececosecocnscnsscsscasscncnnns
Station 2 ...ee0ees B R T T T I I
Station 3 .eeeeeciccncscesecenncccscnnncnnnns tesescssssesenes cees
Station 4 ceeeeeincecescsscsscesscossssesnsescssssssssnsssssscnns
StAtIoN 5 teveeriesnscneseosrssessessssssssssssssssssssscsssnsses
Station 6 ceceveerccncnccnnennes Cesesesesssessssestasnstsessnanns

5] - | s o1 T
Streamflow and rainfall ..ceeeeecescessessssscscescossssnsssscsssssnns
MELNOAS seveenssacsscessossasssssssessesssssssssscsscssessansnsns
Stage measurements cceceeeececssosccsscsssscssssssssscacacans
Stream-discharge measurements s.eeceececseccecsccsscsssnsses
Stage-discharge relations ..ecececeececeeiecececocecncccnens

Rainfall measurements cceeeeceseececccecssscsscosccnsccannsns
Streamflow TECOTAS cecececsessesssssesssssssssssssosscsssasssasnss
Station 3 tiieeieeiescnctsctscrsersnescsscsssssrssssssscnnns

Station 4 ....... tetesesesessesesesesseassesosesseanstsnnnns

StationN 5 cveeereeseceseccncnsscesesassnsnasssnnssacnsnsnsns

Station 6 ..... tecesesescssssesstsssssassnasssenssssasas ceeen

Rainfall records scceecesceses Ceceessesetsssssessessessestsssannnns
Discussion of streamflow and rainfall patterns ...eeeececcscecaes
Quality of water and sediment ..vceeececeeseeececssscsnsossascsnsnnnes
Sample collection and analysis ..ceeeeeese seensessscassacsssnssas
Results Of analySeS ceeesevcescsscsessssesscssacssssasssssscnnana
Inorganic constituents and properties in water ..ceeeeeeeess

Organic constituents in water ....cceveiieicnenecenecennnes .

Inorganic constituents in bottom sediment ........... cesenes

Organic constituents in bottom sediment ........ccveeee. cese

Summary and coNClUSioNS.ee.eceesessessssssssssscssssssssssosssssssassnss
REfEIENCES +ivvreesrenscossssesssassssssssssssssasssassssasssssssssnse
Appendix - Station descriptions ..eecevecececeeneccanes cvassnse cesenes
5] - | o o 13 T T
StAtioN 4 civeerrircescncnosesssssssssssessosssscsssssssssssssanas
Station 5 ceeeeens teesescesessessessessnssnnns cesesessesesssssans
Station 6 ceeeeercencencescencescecsssosesesssssessssssessnscsasnas

Station 7 © 0 0 000 000 OL PO L0000 E00E00000000E0000S00000SRLIOENIOIEONOTOE

iii

Page

OARNAWMWNKF

30
30
39
41
45
45
65
66
66
69
94
94
94
95
97
99

100
102

104

107

110



Figures 1-4.

6-14.

15‘

16-19.

20-23.

24.

25-31.

ILLUSTRQTIONS

Maps showing:
1. Location of study area «.ccveeeveececscerescescnens 4
2. Study area with locations of data collection 5
stations civieieriererendireccececricenarannn cens
3. Drainage areas of streams, and location of
topographic cross-section T-T’ c.eeieereeeernenns 7
4. Topographic profile T-T’ across study area ........ 9
5. Background fluorescence in Lake Marion during
low-flow conditions on Ngvember 10, 1987
prior to dye injection ..eeeieirereeinieenennannns 10
Maps showing the extent of the dye plume in Lake
Marion during low-flow conditions on:
6. November 12, 1987, 2 days after dye injection ..... 11
7. November 13, 1987, 3 days after dye injection ..... 12
8. November 14, 1987, 4 days after dye injection ..... 13
9. November 16, 1987, 6 days after dye injection ..... 14
10. November 18, 1987, 8 days after dye injection ..... 15
11. November 20, 1987, 10 days after dye injection .... 16
12. November 24, 1987, 14 days after dye injection .... 17
13. December 1, 1987, 21 days after dye injection ..... 18
14. December 8, 1987, 28 days after dye injection ..... 19
Map showing background fluorescence in Lake Marion
during high-flow conditions on March 30, 1987
prior to dye injection |cecicideereririiirinniennnnnnas 20
Maps showing the extent of the dye plume in Lake
Marion during high-flow conditions on:
16. March 31, 1987, 0.5 day after dye-injection ....... 21
17. April 1, 1987, 1 day after dye-injection .......... 22
18. April 2, 1987, 2 days after dye-injection ......... 23
19. April 3, 1987, 3 days af‘teg dye-injection ....cc.0. 24
Graphs showing stage—dlsaharge rating curves for:
20. Station 3 ...... R R R R TR ceses 31
21. Station 4 ...... ...4 ...... Getessasssesasssssssasans 34
22. Station 5 ......... lesoses Weeesesesssessnssessesnns 38
23. Station 6 ...... cesssessssecsssessesesssersssssansan 42
Streamflow at station 3 durlng October and
November 1987 ......... sscessasassnsassseacsessssannas 48
Graphs showing rainfall at station 7 and streamflow at
stations 3 and 6 durings
25. December 1987 and January 1988 ...ceiieecciesnnnnss 49
26. February and March 1988 .. ceeeeeccceccccsccccnnses 50
27. April and May 1988 ...ceieqiececccacsanoanncans eeees 51
28. June and July 1988 Jieeeerdrsecsocncsscnssssccnssas 52
29. August and September 1988 .i......ceeiieiiiiiiiaan... 53
30. October and Novemben 1988 .ciceceececenscsssacnsss 54
31. December 1988 and January 1989 ....iceveevenennnnns 55

iv



ILLUSTRATIONS--Continued

Table

33

1.
2.
3.

o\ U1 &

10.
11.
12.

13.

32. Graph showing streamflow at stations 4 and 5 during
September and October 1987 ......... creesrtscsensasana

-40. Graphs showing rainfall at station 7 and streamflow

at stations 4 and 5 during:
33. November and December 1987 ..eeieiivecerenncceceanane

34. January and February 1988 ..iieieeiirneeeeneneenns ..
35, March and April 1988 ..iieeiecerecocscnsscsnscasans
36. May and June 1988 ...iiiiiiiiinnnn teessesseesccannas
37. July and August 1988 i.iiiiiiiiiiiiiiiiatcinenann ..
38. September and October 1988 ......... ceesecann ceseae
39. November and December 1988 ...vieeieeeeccnnnn ceseae
40. January and February 1989 ...eieieeieeececnnonens ‘e

41, Trilinear plot of chemical analyses of water frun
Statlonslthrough6 ® & & 0 0 & 00 8 000 0 000000 00t et e

TABLES

Daily and monthly mean streamflow at Station 3 ............
Daily and monthly mean streamflow at Station 4 ..... ceeenes
Daily and monthly mean streamflow at Station 5 ...ciivieans
Daily and monthly mean streamflow at Station 6 ...cceveenns
Rainfall at Station 7 ........... ciesseessansens chreceenaas
Ranges of selected properties and constltuent
concentrations in water and sediment ....ciiiveviieniannns
Results of analyses of surface water for inorganic
CONSEILUBNES tiviiirniereniteneeneeeeanesecesseracnssnnns
Results of analyses of surface water for purgeable
OrganicC COMPOUNGS «veeereneeeeeneessnsnanscssscsessncnns
Results of analyses of surface water for acid- and
base/neutral-extractable organic compounds ..ecveeeeaeen.
Results of analyses of surface water for
organochloring CompouNdS ceeeeeeeeeeeeneeeseeaccacasesannas
Results of analyses of streambed and lakebed sedlments
for major elements and trace metals .ieeiveieiinnrenannn.
Results of analyses of streambed and lakebed
sediments for acid- and base/neutral-extractable
0Organic COMPOUNGS cevventeeeseeenseensesssoscssassnssananes
Results of analyses of streambed and lakebed sediments
for organochlorine compounds ...veieevenens Cesesaean ceees

Page

56

57
58
59
60
61
62
63

91

32
35
39
43
46
67
70
77
78
79

80

86



STREAMFLOW, LAKE-FLOW PATTERNS, RAINFALL, AND QUALITY OF
WATER AND SEDIMENT IN THE VICINITY OF A HAZARDOUS-WASTE
LANDFILL NEAR PINEWOOD, SOUTH CAROLINA, MARCH 1987
THROUGH EARLY JANUARY 1989

By Ronald A. Burt, Peter B. McMahon,
John F. Robertson, and
Douglas D. Nagle

ABSTRACT

Streamflow characteristics, lake-flow patterns, rainfall, water
quality, and sediment composition were studied in the vicinity of a
hazardous-waste landfill near Pinewood, South Carolina from March 1987 to
January 1989 to characterize natural background conditions, to compare
background conditions within areas influenced by runoff from the landfill,
and to establish a data base against which future data can be compared. The
study was done as part of a cooperative effort between the U.S. Geological
Survey and the South Carolina Public Service Authority.

Dye-tracer tests in Lake Marion, conducted under both high-inflow and
low-inflow conditions, demonstrated that water discharging to the lake from
streams that cross the landfill site flows southeastward, along the eastern
shore of the lake. This would be the transport path for any potential
contaminants from the landfill that might reach the lake.

Instantaneous streamflows gn three small streams that drain the study
area ranged from 0.00 to 9.8 ft 45 (cubic feet per second), and monthly mean
flows ranged from 0.00 to 1.7 ft°/s. Annual megn streamflows during
calendar year 1988 were 0.08, 0.69, and 0.41 ft°/s at the three sites with
gogglete records for the year. Stream baseflows ranged from 0.00 to 1.0

t /s.

Annual rainfall at the centrally located raingage totaled 34.9 inches
for calendar year 1988. Minimum monthly rainfall was 0.72 inch in June
1988, and maximum monthly rainfall was 6.22 inches in September 1988.

Significant differences in the inorganic chemical composition of water
and bottom sediments between background stream stations and stream stations
downstream of the landfill indicate that land use at the landfill may be
affecting the streams, although the effects seem to be related to
earth-moving activities and resulting sediment transport and leaching rather
than to hazardous-waste disposal. Concentrations of calcium (ranging from
4.6 to 140 mgA. (milligrams per liter) and sulfate (ranging from 16 to 350
mg/L) in water downstream from the landfill exceeded background levels for



calciun (ranging from 1.6 to 6.0 mg/A ) and for sulfate (ranging from 3.2 to
11 mg/L. The pH at one downstream site ranged from 4.86 to 6.55 and was
somewhat lower than the pH at background stations (ranging from 6.21 to
6.80). High concentrations of sulfate and low pH probably are a result of
oxidation of pyrite in spoil piles dn the landfill. The pH at the other
downstream site ranged from 6.77 to 7.26 and was higher than that at
background stations indicating that a sourgde of alkalinity is available to
the stream. Maximum concentrations of some trace metals in water downstream
from the landfill were higher than background concentrations. Downstream
concentrations of zinc were as high as 120 ug/l. (micrograms per liter)
compared to less than 10 ug/L at the background stations, nickel was as high
as 48 ug/L compared to a background concentration of 11 ug/L, and chromium
was as high as 36 ug/L compared to a background concentration of 3 ug/l.
Maximum concentrations of some trace metals in streambed sediments
downstream from the landfill were also higher than concentrations at
background stations. Downstream cowcentra ions of zinc were as high as 44
mg/kg (milligrams per kilogram) of sediment compared to 24 mg/kg at
background stations, nickel was as high as [13 mg/kg compared to 7 mg/kg,
chromium was as high as 190 mg/kg compared to 54 mg/kg, and vanadium
concentrations were as high as 58 mg/kg compared to 42 mg/kg at background
stations. Differences in trace metal concentrations were relativley small
at the lake sites. |

Anthropogenic organic compounds, incliding phenol and organochlorine
compounds, were detected in sediments at the stream sites and lake sites.
These were generally as prevalent at background sites as at sites downstream
from the landfill, indicating that sources other than the landfill exist or
have existed for these compounds. The concentration of phenol was as high
as 7,900 pg/kg (microgram per kilogram) at one background station, but was
below detection limit at the other sites. Dichlorodiphenyl dichloroethane
and dichloro-2, 2-bis (p-chlorophenyl)-ethylene were detected at all sites,
with concentrations as high as 65 and 54 ug/kg respectively.

Polychlorinated biphenyls were detected (47 ug/kg) only in the sediments at
the background lake station. Chlordane (as high as 13 ug/kg), dieldrin (0.4
ug/kg), and toxaphene (20 ug/kg) were detected exclusively in sediment at
stations downstream from the landfill. Concentrations of these organics in
the surface water were below detection limits.

INTRODUCTION

A hazardous-waste landfill near Pinewood, S.C., is one of two landfills
in the southeastern United States permitted to accept hazardous waste.
Since 1977, approximately 1 billion pounds of wastes, including ignitable,
corrosive, acutely hazardous, reactive, and toxic materials, have been
buried at the 279-acre site. !

Although considerable effort has been expended in the past to
characterize the geohydrology of the immediate site, little is known about
how the landfill fits into the regional geohydrological setting. Concerns
have been raised about the potential for contamination of ground water and






































































low-flow study was found to be equivalent to that of 0.08 pg/ (micrograms
per liter) dye, with a standard deviation of 0.02. Mean background
fluorescence for the high-flow study was equivalent to 0.10 ug/L of dye,
with a standard deviation of 0.04. At a significance level of 0.05, all
low-flow values equal to 0.10 ug/L or less and high-flow values equal to
0.12 pg/L or less are considered to represent background fluorescence;
higher values indicate a measurable concentration of dye.

The low-flow dye tracer study began on November 10, 1987, and the dye
plune was monitored through December 8, 1987. Background fluorescence in
the lake is shown in figure 5. Fifty pounds of dye were released into
Lake Marion at the mouth of the stream draining basin B, about 0.2 mi
downstream (south) of stream gaging station 5 (fig. 5). Transport of the
dye through the lake at varying increments during a 27-day period is shown
in the series of figures 6 through 14. The most significant transport
occurred in a southeasterly direction with the dye plume hugging the eastern
shore of the lake. A greater degree of transport toward the western side of
the lake occurred in the southermmost part of the study area. Some of the
dye was transported westward from the injection site, but it appears not to
have moved much farther than 2,000 ft from the injection site, although no
samples were collected farther north or west to confirm this.

The high-flow dye test began with background measurements on March 30,
1987. Background fluorescence is shown in figure 15. 0On the morning of
March 31, fifty pounds of dye were released into the stream at a point
immediately downstream of stream-gaging station 5 in basin B (fig. 15). The
dye plume was monitored through April 6, 1987.

Transport of the dye through the lake in single-day increments for 4
days is shown in the series of figures 15 through 19. The concentration of
dye in figures 15 through 19 represent the highest value recorded from
several measurements made during each day. In some cases the extent of the
dye plume was not well defined owing to sparse measurements, as indicated
by dashed boundary lines in the figures. As in the low-flow study, the most
significant transport of the dye through the lake was to the southeast;
however, distribution of the dye was much quicker under high-flow
conditions. Water with the highest concentrations of dye was found to flow
along the eastern shore of the lake, as had occurred in the low-flow study,
with small amounts of dispersion toward the west. Higher dye
concentrations were measured at the northermmost station than had been
detected during the low-flow study. Although transport of the dye north and
west of this station did not appear to be significant, no measurements were
made farther north or west in the lake to confirm this observation.

Patterns of water transport in Lake Marion as a whole were investigated
in a separate study made in 1983 by the U.S. Geological Survey in
cooperation with the South Carolina Department of Health and Envirommental
Control.
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STATION LOCATIONS AND DESCRIPTIONS

The remainder of this report presents measurements and analyses of
samples collected from seven permanent stations as shown on figure 2.
Stations 1 and 2 are in Lake Marion and were used for collection of
water-quality, sediment-quality, and biological samples only. Stations 3,
4, 5, and 6 were located on streams, and were the sites for collection of
streamflow records as well as water-quality, sediment-quality, and
biological data. Station 7 was used|for collection of rainfall data only.
General site descriptions of the stations follow.

make up the upper reaches of Lake Marion, approximately 900 ft south of the
mouth of the small stream that drains area The water at this station is
probably derived from upstream tributaries along the eastern banks of the
Wateree and Santee Rivers, with some contribution from upstream ground-water
discharge. Water in Sparkleberry Swamp flows to the southeast at a speed
that ranges from barely perceptible durlng:ﬁow flow to more than a foot per

Station 1
Station 1 is located in Sparkle erry S amp, part of the wetlands that

second during high flow. As this station located approximately 4,200 ft
upstream of the nearest point of discharge from drainage areas that 1nclude
parts of the landfill site, it represents background lake conditions
unaffected by runoff from the landfill. Although this was not conclusively
demonstrated by the dye tracer study presented above, visual observations of
flow in the area of station 1 indicate thau station 1 is up-gradient of any
stream discharges from the landfill. ,

§§§tion 2

Station 2 is located in Lake Marion approximately 3,400 ft south of
the mouth of the stream that drains basin A and about 200 ft from shore.
Dye tracer studies described above indicate that this site may be influenced
by runoff from the landfill site. Station 2 is therefore in the part of the
lake that is within the potential influenc% of the landfill operations.

Station 3 is located approximately 1 mile northwest of the center of
the landfill site on a small unnamed stream in basin C. The stream
discharges to Sparkleberry Swamp. The basin is northwest of the landfill
and does not include any part of the landfill site. The basin is 90 percent
forested with the remaining part cleared for agriculture. A dirt road
traverses the basin. This station represents background stream conditions
relative to streams that drain parts of the landfill site.

2% |



Station 4

Station 4 is located on a small unnamed stream approximately 2,600 ft
northwest of the center of the landfill site, immediately downstream of a
9.2-acre pond in basin D. The stream discharges to Sparkleberry Swamp (Lake
Marion) 2,000 ft downstream of the station. Upstream of station 4 the basin
does not include any substantial part of the landfill site. The drainage
basin is 40 percent forested and the remainder is cleared for agriculture
and residential use. Several dirt and paved roads traverse the basin. This
station represents background conditions relative to areas within the
drainage area of the landfill site.

Station 5

Station 5 is located approximately 1,200 ft downstream of station 4 on
the same unnamed stream. The stream discharges to Sparkleberry Swamp (Lake
Marion) about 600 ft downstream of station 5. About 90 percent of the
drainage area (basin B) between station 4 and station 5 lies in the
northwestern corner of the landfill, and the stream flows through a
sedimentation pond on the landfill facility. The stream also receives
drainage immediately above the sedimentation pond from a French drain.(fig.
3) that is installed in the water-table aquifer along part of the northern
boundary of the landfill property. This French drain diverts shallow ground
water from parts of drainage basins A and B to the stream. The drainage
basin is 20-percent forested and the remainder is cleared for agriculture
and the landfill operation. This station represents a stream segment that
may be influenced by the landfill operation.

Station 6

Station 6 is located approximately 1,200 ft west of the center of the
landfill on an unnamed stream immediately downstream of a sedimentation pond
that is situated on the landfill site. The stream discharges to
Sparkleberry Swamp (Lake Marion) about 500 ft downstream of station 6.

The drainage basin of the stream above station 6 (basin A) includes 65
percent of the landfill site area. The stream also receives discharge at
the sedimentation pond from a French drain that is installed in the
water-table aquifer in the southern part of the landfill. The French drain
is designed to divert shallow ground water away from one of the waste burial
cells. Station 6 represents a stream significantly within the influence of
the landfill operation. Except for some small stands of trees and brush,
mostly along stream banks, the basin is entirely cleared for the landfill.
The topography of the landfill site has been changed during the monitoring
program by construction and landfilling operations; therefore, the character
of the basin has seen considerable alteration.

Station 7

Station 7 is located within the landfill site on a topographically high
area. This site was used only for collecting rainfall data.
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STREAMFLOW AN

Methods

Records of streamflow are derived
stage at 30-minute intervals throughout
manual measurements of stream discharge
rating curve that describes the stage-d
the measurements, and is used to calcul
from the stage record. The streams in
variable backwater; therefore, a conven
sufficient for calculating streamflow.
measurements are made automatically wit
rain gage. The methods used for collec
rainfall data in this study are briefly
treatments of the methods are given by
Carter and Davidian, 1968; Kennedy, 198

Stage Meaerements

Stream stage or gage height (heigh
chosen datum) data are collected automa
digital recorder that records the level
30-minute intervals. The float is cont
stilling well, which is hydraulically ¢
small perforated pipe. The recording g
staff gage (a calibrated post), install
recording gage, to assure its accuracy.
recording gage and staff gage are check
around the station for assurance of gag

RAINFALL

from automatic recording of stream
the study period, and a series of

at various rates of flow. A
ischarge relation is constructed from
ate a continuous streamflow record
the study area are not affected by
tional stage-dishcarge relation is
Rainfall frequency and volume

h a permanently installed recording
ting and analyzing streamflow and
discusssed below. More comprehensive
Buchanan and Somers, 1968 and 1969;
33 and Kennedy, 1984.

t of the water surface relative to a
tically, using a Fisher-Porter

of a flloat on the water surface at
ained Jithin a permanently installed
onnected to the stream through a

age is |periodically compared to a

ed in the stream adjacent to the

In addition, elevations of the

ed with reference to several points
e stability. The datum for

elevations is arbitrary and different f

Stream stage is a function of the|
of the stream channel. The physical el
that determine the stage-discharge rela

or each site.

streamflow and the geometry and slope
ements or combination of elements
tion is known as the control,

a restrictive section of the stream channel downstream of the gage that may
be natural or artificial. Artificial controls were constructed for three of
the gaging stations. Specific details labout the controls are given as part

of detailed gaging station description

‘
\
.

in the appendix.

!The use of brand names in this re
identification only and does not consti
Geological Survey.
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Stream-Discharge Measurements

Conventional streamflow data are collected by making a series of manual
measurements of depth and flow velocities at intervals along the stream
cross section. Flow velocities are measured with a handheld current meter
(Price meter) with a rotor that turns at a rate proportional to the velocity
of the water. Each velocity measurement gives the average velocity through
a partial area of the stream cross section; the size of the partial area
depends on the spacing interval between the individual measurements and
channel depth at each measuring point. Streamflow is the summation of the
products of the partial areas of the stream cross section and their
respective average velocities. '

Stage-Discharge Relation

A rating curve that describes the stage-discharge relation is
developed for each gaging station by plotting streamflow versus stage and
interpolating a best-fit curve through the points. To the extent possible,
measurements are made over the full range of flows for the best definition
of the stage-discharge relation. The rating curve generally can be
extrapolated down to the point of zero flow (PZF), which corresponds to the
point of lowest elevation on the station control or the point of highest
elevation in the thalweg of a channel control reach. Where sections of
rating curves lack data for accurate representation of the stage-discharge
relation (usually at high streamflows), approximations can be calculated on
the basis of stream-channel geometry and the physics of open-channel flow of
water. Details regarding the individual ratings will be discussed in a
later section.

Rainfall Measurements

The volume and frequency of rainfall were measured in the study area
using a recording rain gage. A funnel at the top of the gage feeds rainfall
to a uniformly sized pipe. The height of the water in the pipe is monitored
and recorded at 30-minute intervals with a float attached to a Fisher-Porter
digital recorder. The rainfall, in inches, equals the product of the height
of the water in the pipe and the inside cross-sectional area of the pipe
divided by the cross sectional area of the top of the funnel.

Streamflow Records

The following records of streamflow include: 1) a rating curve that
reflects the relation between stage and discharge that prevailed during the
data collection period at each station; 2) a table of daily mean
streamflows; monthly maximum, minimum, and mean flowsy and the annual
maximum, minimum, and mean flows, all in cubic feet per second at each
station; and 3) comments on the data and computations. Detailed
descriptions of each gaging station are given in the appendix. The accuracy
of the records may be influenced by the stability of the stage-discharge
relation, the accuracy of stage observations, the accuracy of discharge



measurements, and other factors. The degree of accuracy of the streamflow
records is indicated in the station descriptions either as “excellent” (95
percent of the daily discharges are within 5 percent of their actual
values), "good” (within 10 percent), "/fair™ (within 15 percent), or "poor”
(less than " fair® accuracy). Values of streamflow in this report are given
to the nearest hundredth of a cubic foqt per second for flows less than 1.0
ft:;S, and to the nearest tenth for flows greater than or egqual to 1.0
ft/s.

Station 3

The stage-discharge rating curve for station 3 (fig. 20) graphically
shows the relation between stage and streamflow prevailing during the study
period, on rectangular and logarithmic scales. The rating derived from the
relation plotted in figure 20 was used|to compute streamflow values for
station 3.

Mean daily streamflows and monthly maximum, minimum, and mean flows
for station 3 are given in table 1.
|

Manual discharge measurements were not made at station 3 for stages
higher than 0.86 ft, although the highest sta¢e recorded during the study
period was 1.56 ft. The stage-discharge rating curve was estimated for
stages above 0.86 ft by an indirect method of determining flow based on
the geometry of the stream channel and|the station control, a V-notch weir
on the upstream end of a culvert (fig.|20). Critical depth and flow were
canputed using procedures described for box culverts (Bodhaine, 1968), as
well as for weirs (Hulsing, 1967), resulting in similar estimates. The gage
malfunctioned November 26-28, 1988, and flows for these days were estimated
on the basis of the trend of the hydrograph. Based on the computed curve
for high flows, the peak instantaneous flow during the study period was 6.4
ft3/s on July 27, 1988. Minimum instantaneous flow was 0.02 ft3/s,
recorded on several days in June and July 1988. The maximum monthly mean
flow was 0.11 ft3/s in January 1988, and the minimum monthly mean flow was
0.05 ft3/s in November 1987. The annual mean| flow from January 1, to
December 31, 1988, was 0.08 ft3/s. Baseflow_in the stream ranged between
0.02 and 0.10 ft3/s TO.BO to 1.5 (ft3/‘)Ani?].

Station 4

The stage-discharge rating curvesifor station 4 (fig. 21) graphically
show the relation between stage and streamflow for two periods, between
September 22, 1987 and July 15, 1988, %:d between July 15, 1988, and January

5, 1989. The rating tables derived from the relations plotted in fig. 21
were used to compute flow values for station 4. Mean daily flows and
monthly maximum, minimun, and mean flows for station 4 are given in table 2.
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