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CONVERSION FACTORS FOR [INCH-POUND SYSTEM
AND INTERNATIONAL SYSTEM OF UNITS (SI)

For use by those readers who may prefer to use metric units rather
than inch-pound units, the conversion factors for the terms used in
this report are listed below.

To convert from

inch (in.)
foot (ft)
mile (mi)

acre
acre
square mile (mi?)

gallon (gal)

million gallons (Mgal)
cubic foot (ft3)
acre-foot (acre-f+t)

cubic foot per second
(ft3/s)

foot per day (ft/d)

foot squared per day
(f+2/s)

gallon per minute
(gal/min)

ga!lon per minute
per foot
[(gal/min)/ft]

million gal!lons per day
(Mgal/d)

acre-foot per year
(acre-ft/yr)

micromho per centimeter
(umho/cm at 25°C)

degree Fahrenheit (°F)

To

Length

miltlimeter (mm)
meter (m)
kilometer (km)

Area

square meter (m?2)

square hectometer (hm?)

square kilometer (km?)
Volume

fiter (L)

cubic meter (m?)

cubic meter (m?)
cubic meter (m?)

Specific combinations

cubic meter per second
(m3/s)

meter per day (m/d)

meter squared per day
(m2/d)

liter per second
(L/s)

|iter per second
per meter
[(L/s)/m]

cubic meter per day
(m3/d)

cubic meter per year
(m3/yr)

microsiemens
(uS/cm at 25°C)

Temperature

degree Celsius (°C)

vi

Multiply by

25.4
0.3048
1.609

4,047
0.4047
2.59

3,785
3,785

0.02832
1,233

0.02832

0.3048
0.0929

0.06309

0.2070

3,785
1,233

1.00

5/9 after
subtracting 32
from °F value



WATER RESOURCES OF WESTERN DOUGLAS COUNTY, OREGON

By D. A. Curtiss, C. A, Collins, and E. A. Oster

ABSTRACT

In western Douglas County, Quaternary coastal dune sands and
mar ine terrace deposits may have the best potential for ground-water
development. Yields of 200 gallons per minute have been reported from
wells completed in Quaternary fluvial! deposits along the lower Umpqua
River. The entire area is underlain by Tertiary marine sedimentary
rocks that yield quantities of water barely adequate for domestic use.

On the basis of wells sampled and the constituents analyzed,
ground-water quality was generally good, but the recommended maximum
concentration of 300 micrograms per liter for iron in drinking water
was exceeded in about one-third of the samples. Water from seven
wells was analyzed for toxic trace metals and had concentrations less
than the recommended criteria levels as determined by the U.S.
Environmental Protection Agency.

The project area has a temperate marine climate, with an annual
rainfall ranging from 70 to 100 inches, of which 80 percent falls from
October to March. Average annual runoff from eight streams in western
Douglas County was estimated to range from 2.4 cubic feet per second
per square mile for Elk Creek to 6.8 cubic feet per second per square
mile for Scholfield Creek. The estimated 7-day, 20-year low flow
ranges from 0.0l cubic foot per second per square mile for Weatherly
Creek Yo 3.6 cubic feet per second per square mile for the Smith
River.

The dissolved-solids concentration in the Umpqua River is low and
stable, with little seasonal and yearly variation. Likewise, the
eight small streams in the project area have low dissolved-solids
concentrations but have noticeably higher nitrite plus nitrate
nitrogen concentrations than those of the Umpqua River. Also, during
low flows of several small streams, dissolved—-iron concentrations
increased significantly. All the lakes in the project area have
dissolved-solids concentrations of less than 100 milligrams per liter
and, except for Loon lLake, have |imited phosphorus available for algal
production. Tahkenitch and Elbow Lakes are considered to be the most
active in terms of biological productivity.

A survey in the Umpqua estuary during a high tide and low
streamflow condition indicated that saltwater intrusion extends to
river mile 20 in the Umpqua River, which limits the use of the river
water downstream from that point.



INTRODUCT ION

The rapid economic development and population expansion in
western Douglas County, together with heavy tourism during most of the
year, have necessitated the evaluation of the quantity, quality, and
distribution of the water resources of the area. Although flow of
smal ler streams may be large during winter, it is small in summer when
demand is greatest.

The purpose of this study is to assess the water resources of
western Douglas County, including an evaluation of quantity, quality,
and distribution of ground and surface waters in the study area.

This investigation is part of a continuing cooperative program
between Douglas County and the U.S. Geological Survey to evaluate the
water resources in Douglas County.

U.S. Forest Service and Bureau of Land Management personnel
cooperated with and assisted the authors in the collection of field
data. The helpful cooperation of these people, and especially of the
well owners who permitted access to their wells to collect
ground-water data, is gratefully acknowledged.

PREVIOUS INVESTIGATIONS

Rinella and others, (1980) evaluated the water resources in the
Reedsport area. Many of the data collected for that study are
included in this report. Four U.S. Geological Survey reports from
earlier investigations in Douglas County deal with area! evaluations
of ground-water availability and quality. The areas are: (1)
Drain-Yoncalla (Robison and Collins, 1977), (2) Sutherlin (Robison,
1974), (3) Winston (Robison and Collins, 1978), and (4) Myrtle
Creek-Glendale (Frank, 1979). Sediment yields in the Umpqua River
basin were reported by Onions (1969) and Curtiss (1975). Chemical
quality of streams in the Umpqua River basin was described in a report
by Curtiss (1969) and the lakes of Douglas County were inventoried and
reported by Rinella (1979)., Hampton (1963) studied the ground water
of the coastal dunes near Florence, 25 mi north of Reedsport.
Ground-water resources of the coastal dunes north of Coos Bay, about
25 mi south of Reedsport, were studied by Brown and Newcomb (1963),
and later by Robison (1973).

GEOGRAPHIC FEATURES

The western Douglas County area (fig. 1) covers about 700 mi? in
southwestern Oregon. The area is drained by the Smith River, the lower
Umpqua River and its tributaries, and a few small! streams that drain
directly into the Pacific Ocean. The area consists mostly of the rugged,
heavily forested Coast Range, but includes a narrow sirip of coastal beach
and sand~dune land. The principal city along the Douglas County coast is
Reedsport (population 4,970). Smaller coastal communities are Gardiner to
the north and Winchester Bay to the south. Elkton (population 180) is the
principal inland community in the study area.
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FIGURE 1. — Location of study area.
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FIGURE 2. — Isohyetal map of the study area.

The rural residents generally live along lowlands of the Umpqua and
Smith Rivers and along the coast. More than half the area is public
lands managed by the U.S. Forest Service, the U.S. Bureau of Land
Management, and the State of Oregon.

The ma jor sources of income in the area are lumber and other
forest products, tourism, and commercial and sport fishing.

The climate of western Douglas County, in common with western
Oregon, is characterized by mild, wet winters and cool, dry summers.
Annual precipitation in western Douglas County ranges from 70 in. near
the coast to more than 100 in. at the summit of the Coast Range (fig.
2). About 80 percent of the annual precipitation falls in the 6-month

period October to March.



28 T T T T T T T T T T T

26 - 1

24 |- —

PRECIPITATION, IN INCHES

10§é22 AVERAGE égéég;f— 4
7

5;/ _

4 / / 0

=%

ONIDIS P4 Gtorrrrith

Oct Nov Dec Jan Feb Mar Apr May Jung July Aug Sept

Figure 3.—Maximum, average. and minimum precipitation at
Reedsport. 1938-79.

The average annual precipitation at Reedsport was 77 in.; the monthly
precipitation at Reedsport has ranged from zero during the summer
months to 26 in. in November, 1973 (fig. 3). Annual precipitation at
Reedsport has ranged from 44 in. in 1976 to 100 in. in 1953, Figure 4
shows the cumulative departure from average precipitation at selected
sites. The graphs for Reedsport and Gardiner are similar to the graph
for Astoria (on the northern Oregon coast), which has precipitation
records from 1854, +thus indicating that precipitation trends at
Reedspor+t are similiar to those at Astoria. From this comparison, i+t
can be assumed that precipitation at Reedsport generally was above
average from 1944 to 1955, generally below average from 1956 to 1967,
above average from 1968 to 1975, and below average from 1976 fo 1980.
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Figure 5.-Generalized block diagram of the coastal area.

Coastal Deposits

In this repor+t, Holocene dune sand and Pleistocene marine terrace
deposits are considered as one geohydrologic unit. The western part
of study area is near the middle of a 50-mile-long strip of coastal
deposits, Dune sand overlies the terrace deposits over much of the
mapped area; terrace deposits are exposed near the eastern edge of the
coastal deposits. A generalized block diagram of the coastal
deposits, which overlie the Tertiary marine sedimentary rocks, is
shown in figure 5.

Coastal deposits were derived from (1) sediment carried to the
ocean by coastal rivers and (2) sediment eroded from coastal headlands
of Tertiary sandsftone. The greatest thickness of coastal deposits is
generally near the mouths of coastal rivers. These materials have
been transported, sorted, and deposited by ocean currents, wave
action, and prevailing winds.

The coastal deposits are composed of fine to medium sand from
0.125 Yo 0.50 millimeter in size (Hampton, 1963; Brown and Newcomb,
1963). Quartz is the major constituent of the dune sand, with lesser
amounts of feldspar, olivine, epidote, garnet, magnetite, chromite,
and rock fragments. Thin layers of peat or limonite, which formed in
swamps and marshes, are present in some areas.



Few data are available on the thickness of the coastal deposits
in the study area. The city of Reedspor+ drilled four exploratory
wells in the deflation plain south of the Umpqua River estuary
(Rinella and others, 1980). These test wells ranged in depth from 72
to 92 ft, and may not have fully penetrated the coastal deposits (see
table 4). Earlier investigations indicate that coastal deposits may
be as thick as 200 ft in a similar depositional environment to the
south of the study area (Robison, 1973).

Eastward-moving sand dunes have blocked many of the smaller
coastal streams, creating a series of lakes at the eastern margin of
the coastal deposits. New channels to the sea were formed as the old
stream channels were buried. An example of this is Clear Creek which
flows south out of Clear Lake (Cooper, 1958).

Fluvial Deposits

Fluvial deposits occur in most of the major stream valleys and
upstream from the coastal!l and inland lakes (see p!. 1). These
deposits consist mainly of sand and silt derived from erosion of the
Tertiary sandstone. However, gravel is reported in drillers' logs of
wells along the Umpqua and Smith River valleys. Alluvium probably is
present beneath the river channels of both the Umpqua River downstream
from Scottsburg and the Smith River downstream from Sulphur Springs.
Bedrock is exposed at numerous rapids upstream from these points,
which indicates that there is tittle or no alluvium in the river
channel.

In western Douglas County, thickness of the fluvial deposits
ranges from a few feet to more than one hundred feet. Well logs
commonly report clay from the surface to depths of 15 to 30 f+t,
underlain by sand and grave!. Thickness of these gravel layers ranges
from 3 to 45 ft near Elkton and from 60 to 80 f+ near Brandy Bar (see
wells 22S/10W-06CBA1 and -06CBB1, tables 4 and 5). See plate 1 for
location of wells and explanation of well-numbering system.
Sand-and~gravel layers as much as 40 ft+ in thickness are reported for
well 21S/12W-33DBB1 west of Reedsport near Providence Creek. Width of
exposed deposits ranges from less than 100 f+ in the gorgelike section
of the Umpqua between Scottsburg and Dean Creek to half a mile or more
in the area near Elkton.

GROUND-WATER RESOURCES

Lohman and others (1972) define an aquifer as "¥*¥*¥ a formation,
group of formations, or par+t of a formation that contains sufficient
saturated permeable material to yield significant quantities of water
Yo wells and springs." The three geohydrologic units discussed in the
previous sections are the major water-bearing units, or aquifers, of
the study area. Areal extent of the three water-bearing units is
generally the same as that of the geologic units shown on plate 1.

As referred to in this report, these units are the (1) Tertiary
aquifer, (2) fluvial aquifer, and (3) coastal aquifer.



Ground water in the coastal and fluvial aquifers is generally
unconfined; that is, the water is under atmospheric pressure. Ground
water in the Tertiary aquifer in that part of the study area for which
data are available is generally confined; that is, the water is under
pressure significantly greater than atmospheric.

Recharge

Recharge to an aquifer depends on factors such as precipitation,
vegetative cover, topography, and surface permeability. Although no
direct measurements of recharge are available for this study,
estimates were made for each of the aquifers based on similarities of
hydrologic conditions in nearby study areas.

A previous study (Harris, 1977) based on annual rainfall and
runoff suggests that |ittle recharge enters the Tertiary aquifer. On
the basis of the similarity of the present study area to the area
described by Harris (1977), it is estimated that as little as 1 to 2
in. of rainfall per year becomes recharge to the Tertiary aquifer.
Steep, heavily forested uplands of the study area are the intake areas
for the Tertiary aquifer.

For the coastal aquifer the vegetative cover, topography, and
surface permeability are markedly different from those of the Tertiary
aquifer. Hampton (1963) and Brown and Newcomb (1963) estimated
recharge to the coastal aquifer in their respective study areas to be
48 fo 55 in. per year, probably due to the high permeability of the
dune sand. Likewise, Robison (1973) estimated recharge to the coastal
aquifer south of the study area to be about 50 in. per year.
Therefore, based on these studies, a reasonable estimate of recharge
for the coastal aquifer in the study area is about 50 in. per vyear.

The rate of recharge to the fluvial aquifer is lower than fo the
coastal aquifer primarily because of lower permeability of the
deposits near the surface. Drillers report clay and silt layers near
the surface of many wells drilled in the fluvial deposits. Recharge
Yo the fluvial aquifer is unknown.

Movemen+t

The direction of ground-water flow generally is from topographically
high areas toward lowlands, where the water is discharged to streams,
lakes, or directly to the ocean. The topography and geologic structure
suggest that lit+tle ground water enters or leaves the northern, eastern, or
southern boundaries of the study area as subsurface flow.

Ground water moves slowly downward and laterally through the Tertiary
aquifer. Vertical movement of water is impeded by layers of
low-permeability clay and silt, but may be faster through zones with
fractures. Springs occur where downward-moving water is intercepted by
low-permeability layers that intersect the land surface. Near the coast,
water in the Tertiary aquifer probably moves upward into the coastal aquifer.

1"



The high permeability of the coastal aquifer allows rapid movement of
water through the dune sand and terrace deposits. Most of the water in the

coastal aquifer moves westward toward the ocean.

Lower permeability of the fluvial aquifer probably causes a
slower rate of movement of water than in the coastal aquifer.
Direction of flow is downgradient, which generally is toward the
nearest stream. Water may move upward into the fluvial aquifer from
the underlying Tertiary aquifer, as seems fo be the case in the
coastal aquifer. In the lower Umpqua and Smith Rivers, thicker
sections of alluvial material are believed to be in direct hydraulic
connection with the stream. During higher river stages or periods of
heavy pumping of wells near the river, a temporary reversal of
ground-water flow could occur, with water moving from the river into
the aquifer.

Discharge

Ground water is discharged from the aquifers fo streams, lakes,
and the ocean. It is also discharged from the aquifers through
springs and wells, and through evapotranspiration.

Much of the water in the Tertiary aquifer is discharged +o
streams and lakes, and through evapotranspiration. Most of the study
area has a dense vegetative cover that may transpire large amounts of
ground water, estimated to be 15 to 20 in. per year (Harris, 1977).
Although most of the wells in the study area are completed in the
Tertiary aquifer, it is believed that ground-water discharge from
these wells is a small percentage of the fotal aquifer discharge. An
unknown but perhaps substantial amount of ground water discharges
directly from this aquifer into the ocean.

Seeps along the beach and underflow to the ocean are the ma jor
types of ground-water discharge from the coastal aquifer. Robison
(1973) estimated that about 33 Mgal/d discharges from a 20 sq. mi.
coastal aquifer located about 20 mi south of the study area. He also
estimated evapotranspiration to be 7 to 10 in. per year for that area.
In western Douglas County, discharge from the coastal aquifer by
evapotranspiration probably is about the same as that determined by
Robison. Ground water also discharges to streams that cross the
aquifer and to coastal lakes. Because only a few wells are completed
in the coastal aquifer, a small amount of ground water discharges to
wells.

The fluvial aquifer in the study area discharges ground water
mainly to streams and to some lakes, such as Tahkenitch. The rate of
evapotranspiration is unknown, but is believed to be less than that
from the Tertiary aquifer. Locally, a significant percentage of
ground water from the fluvial aquifer may discharge 4o wells in small
areas that have a high density of domestic wells, such as in the Wells
Creek area.



Water-Level Fluctuations

Water levels fluctuate primarily in response to seasonal
variations in rainfall, but also may fluctuate locally because of
pumping. Water levels are highest in winter or early spring and
lowest in late summer or fall. Long-term trends of water levels are
believed to correspond to long-term trends of precipitation (see fig.
4), Because long-term records of water levels are not available for
wells in the study area, hydrographs of water-level measurements made
in wells drilled in similar aquifers under similar hydrologic
conditions outside the study area were used to show typical
water-level! fluctuations (fig. 6).

Well 11S/10W-20CAC (near Newport) is about 45 mi north of the
study area and is completed in Tertiary marine sedimentary rocks
similar to rocks of the Tertiary aquifer in the study area. Likewise,
hydrographs of wells 18S/12W-14CDD4 and 23S/13W-34ACA (near Florence
and Coos Bay, respectively) are assumed to be typical of water-level
fluctuations in the coastal aquifer in the study area. Water levels
in these we!lls fluctuated from 2 to 6 ft per year. Water levels in
the Tertiary aquifer fluctuate seasonally as much as 10 ft per year.
Well 22S/08W-22BBC1, near Elkton, which was completed in the fluvial
aquifer, had water-level fluctuations of 8 f+ in 1980. Fluctuations
in other wells drilled in the fluvial aquifer could be expected to be
similar., However, a greater range of water-leve! fluctuation may
occur locally because of pumping in fluvial-aquifer wells.

Potential Well Yields

All three aquifers yield usable quantities of ground water. The
Tertiary aquifer, which crops out over most of the study area and
underlies the remainder, may be the most important aquifer for the
development of a domestic water supply. The coastal aquifer, al+though
limited to a narrow strip along the coast, may have the greatest
potential for large-yield wells. The fluvial aquifer, which is of
limited extent, yields water to a small number of wells along the
Umpqua and Smith Rivers.

About 90 percent of the wells drilled in western Douglas County
area are completed in the Tertiary aquifer. Yields of wells drilled
in the Tertiary aquifer ranged from a few gallons per minute to about
20 gal/min. Well depths range from 32 to 560 ft, and water levels
range from land surface to 535 f+. |In the period 1955-80, 22 of 479
wells drilled in this aquifer were reported to be dry or %o yield
insufficient quantities of water for domestic use.

Nearly all the wells drilled in western Douglas County are for
domestic use and are constructed in a similar manner. Typically a
well is 6 inches in diameter, has a short section of casing
(approximately 20 ft) at the top, and the remainder of the hole is
uncased. Well performance is usualy tested for 1 hour and specific
capacity data are comparable.
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Figure 7.—Specific-capacity distribution for wells completed in the Tertiary aquifer.

Specific-capacity data were computed for 417 wells drilled in the
Tertiary aquifer and grouped according to well depth. The median
specific capacity was determined for each depth range (fig. 7). As
shown in figure 7, the median specific-capacity value for wells 100 f+t
or less in depth was approximately three times greater than for wells
more than 100 ft+ in depth.

Although few wells have been completed in the coastal and fluvial
aquifers, these aquifers may have the greater potential for
high-yielding wells. Forty~-seven wells were drilled in the two
aquifers from 1955 to 1980; twice as many wells were completed in the
fluvial aquifer as in the coastal aquifer.

Well depths range from a 20-foot dug well to a 214~foot well
drilled on Bolon Island in the Umpqua River. Yields of wells ranged
from 4 to 200 gal/min. Specific-capacity data were computed for 42
wells completed in the coastal and fluvial aquifers and grouped
according to well depth. The median specific capacity was determined
for each depth range (see fig. 8).

Four exploratory wells drilled south of the Umpqua River estuary
had specific capacities ranging from 4.1 to 9.0 (gal/min)/ft of
drawdown. Tests on wells along Clear Creek in sands similar to those
near the beach had specific capacities of as much as 20 (gal/min)/ft
of drawdown. In the northwestern part of the study area, several
wells drilled in dune sand had specific capacities of about 2.5
(gal/min)/ft of drawdown. Wells drilled in the fluvial deposits had
specific capacities ranging from 0 to 200 (gal/min)/ft of drawdown.
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Water Quality

General Characteristics

Analyses of water samples from 45 wells in the study area
indicate that the ground water is generally suitable for most uses.
The ground water was evaluated using the quality criteria established
by the U.S. Environmental Protection Agency (1976) for water used for
drinking and other purposes. Samples were not analyzed for some of
the constituents for which criteria are established, such as
radionuclides and pesticides.

Chemical analyses show that in most of the water samples sodium
and calcium are the dominant cations, and bicarbonate and chloride are
the dominant anions (pl. 1). Large concentrations of chloride ion
generally are indicative of water from (1) Tertiary marine sedimentary
rocks that have retained saline water, or (2) alluvium in the lower
river valleys containing brackish water that has been induced from the
marine sediments by pumping. Water from four wells had chloride
concentrations exceeding the recommended |imit of 250 mg/L and
dissolved-solids limit of 500 mg/L (+able 6).

Dissolved-solids concentrations of the samples ranged from 40 to
3,240 mg/L. None of the water samples from wells in the study area
exceeded the recommended |imits for sulfate or nitrite plus nitrate
expressed as nitfrogen.
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The recommended limit of 300 ug/L for iron and 50 ug/L for
manganese was exceeded in about one-third of the water samples.
Fluoride, with a concentration of 2.3 mg/L in one sample (from well
225/08W-09DAB1) exceeded the recommended limi+ of 1.9 mg/L.

Boron in small amounts is essential to plant growth, but in
larger amounts is toxic to many types of plants. Boron concentrations
in two water samples exceeded the recommended limit of 1 mg/L, and
another sample contained 0.9 mg/L.

The sodium-adsorption ratio (SAR) indicates the effect that
irrigation water will have on soil-drainage characteristics. Water
from several wells had high SAR values (17 to 34), which would make
the water unsuitable for sustained irrigation use; however, few wells
in the study area are used for irrigation.

Water from seven of the 45 wells sampled were analyzed for
selected trace elements (table 7); none of the analyses showed
concentrations greater than the recommended limits. Although all the
water samples collected during 1980 were analyzed for arsenic, none
contained excessive amounts; however, occurrences of arsenic-rich
ground water have been reported in several areas of western Oregon.
Goldblatt and others (1963) reported the occurrence of arsenic in
ground water in southeastern Lane County.

Areal Variations

The chemical diagrams on plate 1 illustrate the areal variation
of chemical quality of water from wells in the study area. Water from
the Tertiary aquifer generally has a larger mineral concentration than
water from the coastal or fluvial aquifers. Four of the water samples
collected from wells drilled in the Tertiary aquifer had a
dissolved-solids concentration considerably greater than samples from
other wells, These wells are 225/08W-09DAB1 and 23ACD-1,
22S/09W-08DCD1, and 23S/07W-27DBC! (see pl. 1 and table 6). Many of
the domestic wells drilled in the area derive their water from the
Tertiary marine sedimentary rocks that produce water with the largest
dissolved-solids concentration. In most instances, these wells are in
the major river valleys near the streams.

Many well owners in the study area report the occurrence of
"sulfur water." Such water contains the dissolved gas, hydrogen
sulfide, which has a rotten-egg odor. Large concentrations of this
gas are poisonous and explosive, but the concentrations found in water
from most wells are not toxic and only make the water unpleasant to
drink. The problem seems to exist throughout the entire project area.
Normally, this water is weakly acidic and may be corrosive to metal
plumbing.
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Figure 9.—Seasonal variation of specific conductance in well 225/08W-23ACD1.

Concentrations of dissolved iron exceeding the recommended |imit
have been reported in water from numerous wells along the Umpqua
River. By comparison, ground water along the Smith River and the
coastal sand dunes generally has small concentrations of dissolved
iron. Water from wells in the dune sand just south of the study area
contained more than 40 mg/L of iron but the concentrations generally
ranged from 1 to 5 mg/L. Water from wells in the dune area north of
the study area, near Florence, had concentrations of iron as much as 2
mg/L but generally contained less than 0.5 mg/L (Hampton, 1963). The
dune sand of the study area probably will yield water similar to that
of the Florence area.

Numerous wells drilled along the major river valleys derive water
from both the fluvial deposits and the underlying Tertiary marine
sedimentary rocks. The quality of water from these wells may
fluctuate in response to changes in hydraulic head in the aquifers
including those caused by pumping. Analyses of four water samples
collected from well 22S/08W-23ACD1 during 1980-81 show large changes
in specific conductance of the water (fig. 9 and table 6) which
reflects changes in the dissolved-solids concentration of the water.
These changes may be due fto the difference in the amount of water
supplied to the well from each aquifer on the sampling date. Water
from the Tertiary sediments generally contains larger mineral
concentration than does water from the overlying fluvial deposits.
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SURFACE WATER

Runoff from seven streams in western Douglas County (table 1 and
fig. 10) was estimated by correlating monthly discharge measurements
with the continuous streamflow record of West Fork Millicoma River
near Allegany, in Coos County. Monthly measurements of discharge of
Elk Creek at Elkton were correlated with the streamflow record of Elk
Creek near Drain. Streamflow records for the Smith River from 1966 to
1973 were also correlated to West Fork Millicoma River to estimate the
long=term mean. Discharges for the Smith River for 1979 were
determined by applying the stage-discharge rating used in 1973 to
observed gage heights. Because a complete set of measurements for
Mill Creek could not be made during the 1979 water year, measurements
were continued through the 1980 water year.

The ratio of monthly mean discharge to the daily discharge at
West Fork Millicoma River was used to estimate the monthly mean
discharge at the monthly measurement sites. The 1979 mean discharge
was computed from the estimated monthly mean discharges. An annual
mean discharge can be estimated to within 10 percent using this method
(Riggs, 1969).

Except for July, August, and September, the trend of the monthly
mean discharge is similar to the trend of average monthly
precipitation (based on figs. 3, 11). For these months, the discharge
seems to lag behind the precipitation. This lag may be caused by the
precipitation restoring depleted
soil moisture.

Mean Annual Flow

Records from eight long-term gaging stations on streams draining
the Coast Range were used to determine the relation of the 1979 mean
discharge to the long-term average annual discharge (fig. 12).
Discharge during the 1979 water year was less than the long-=term
average. The average annual discharge of Mill Creek was determined
from 1980 water year data.

Peak Flows

For seven of the streams listed in table 1, the 100~year flood
discharges were estimated from the equations presented by Harris and
others (1979). These equations relate flood discharge to drainage
area, precipitation intensity, and basin storage. The 100-year flood
discharges for Scholfield and Elk Creeks are those used in the Flood
Insurance Studies for Douglas County (U.S. Department of Housing and
Urban Development, 1978) and for the city of Elkton (U.S. Department
of Housing and Urban Development, 1979).
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DISCHARGE, IN CUBIC FEET PER SECOND PER SQUARE MILE
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Figure 11.—Monthly and annual maximum, minimum, and mean
discharge of West Fork Millicoma River near Allegany, 1955-79.
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Water Quality

Umpqua River near Elkton

Since 1966, under various national programs, the Geological
Survey has been collecting water-quality samples from Umpqua River
near Elkton (station 14321000). In October 1973, this station was
included in the National Stream Quality Accounting Network (NASQAN)
that is designed to systematically and continually determine the
quality of the Nation's rivers and streams.

A statistical summary of selected water-quality constituents from
Umpqua River near Elkton is presented in table 2. The statistical
entries listed in the table are, for the most par+t, self-explanatory.
The median values can be used as an index of groupings of
observations. The difference between the 75 and 25 percentiles
represents 50 percent of the observations, and using hardness as an
example, the difference is 5.7 mg/L.

The small range of concentrations of hardness for half the
observations, as indicated above, is characteristic of the Umpqua
River. A plot of specific conductance versus discharge shows no
significant variation with time, which indicates that (1) major ions
and dissolved~solids concentrations have small seasonal and yearly
variations, and (2) mean values can be used with confidence in
describing chemical quality of the Umpqua River.

The stability of the Umpqua River, in terms of major ion
concentrations and low dissolved-solids, is due to the influence of
the North Umpqua River with its consistent flow during most of the
year. During low-flow periods, the North Umpqua River contributes
more than 80 percent of the discharge at the Elkton station (Curtiss,
1969) .

Curtiss (1975) reported an estimated mean annual
suspended-sediment discharge of 3.5 million tons fransported by the
Umpqua River near Elkfton. Suspended-sediment data collected since
1973 under the NASQAN program were plotted on the correlation graph
used by Curtiss; the data points fell within the normal distribution
of the curve. No significant variations were noted for flows of more
than 10,000 f+3/s. This indicates that the estimated
sediment~discharge values reported by Curtiss for the Umpqua River are
reasonable; however, those values represent long-term averages and may
differ greatly from year to year depending on hydrologic conditions.

Small Streams

Water samples were collected at the same eight ungaged streams
(see fig. 10 and pl. 1) that were used for the streamflow evaluations.
All samples were collected and analyzed using standard methods as
outlined by Skougstad and others (1978), Greeson and others (1977),
and Guy (1969). The streams were sampled during high-, medium-, and
low-flow conditions, and the data are presented in table 8.
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The quality of water in streams of western Douglas County is
typical of western Oregon coastal streams--small dissolved solids
concentrations and generally large sediment concentrations during
winter storm events.

Although the dissolved-solids concentrations in the streams tends
to increase during low flow, they are still considered to be small (23
to 112 mg/L). Of the eight streams, Elk Creek had the greatest
increase in dissolved solids, but the maximum dissolved-solids
concentration did not coincide with the lowest flow sampled. Elk
Creek flows through an area of greater agricultural activity than do
the other seven streams. Therefore, irrigation return during summer
in the Elk Creek basin is probably the cause of increased
dissolved-solids concentration.

Nitrite plus nitrate nitrogen values of the eight small streams
are noticeably larger than those of the Umpqua River. In particular,
Scholfield and Dean Creeks had median values of 0.8 and 0.6 mg/L,
respectively, compared with 0.02 mg/L for the Umpqua. The larger
nitrogen values do not necessarily limit the use of the water;
however, if a reservoir or impoundment were built on Scholfield Creek,
for example, a potential problem could exist because the impounded
water could be nutrient enriched and susceptible to undesirable algal
productivity.

During low flows of several of the streams, dissolved-=iron
concentration increased significantly. In the spring and summer of
1979, iron concentrations of Scholfield Creek exceeded the recommended
limit of 300 micrograms per liter for drinking water (U.S.
Environmental Protection Agency, 1976). The larger iron
concentrations and the general increase in dissolved solids may be
attributed to the larger proportion of ground-water contributions to
the streams during low-flow periods.

Curtiss (1975) estimated a mean annual suspended-sediment yield
of 710 t/mi? for Elk Creek near Drain. Frank and Laenen (1977)
estimated annual suspended-sediment yields ranging from 230 to 630
t/mi?, excluding extremes, for 12 ungaged streams in Lincoln County.
Because Lincoln County and western Douglas County are similar in
topography, vegetative cover, and amount of precipitation received,
streams in both counties, excluding Elk Creek, probably have a similar
range in sediment yield.

Extent of Saltwater Intrusion in the Umpqua River Estuary

Upstream saltwater encroachment in the Umpqua River estuary
limits the uses of water in the upper Umpqua tidal basin, and could
affect the shallow wells in the alluvium along the river.

Hydrologic data for the Umpqua River estuary are scarce. For
several days in 1955 and 1956, Burt (1956) measured temperature,
salinity, and water currents in the estuary. Twice monthly from July
through October 1972, Mullen (1973) measured temperature and salinity
at 10 sites in the Umpqua River estuary from RM (river mile) 0.8 to 24.3.
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SPECIFIC CONDUCTANCE, IN MICROMHOS PER CENTIMETER AT 25 DEGREES CELSIUS

Figure 13.—Relation of specific conductance to chloride, dissolved solids, and
salinity for freshwater-seawater mixture. (Webb and Heidel, 1970)

Salinity refers to the salt content of water, or more
specifically, the concentration of dissolved solids of water expressed
in thousands of milligrams per liter, or parts per thousand (Webb and
Heidel, 1970). Because the ratio of any given major constituent to
the dissolved solids is almost constant in seawater, and because
specific conductance is a function of the dissolved solids, general
correlations can be determined for seawater-freshwater mixtures, as
shown in figure 13.

The amount of chloride often determines the suitability of
estuarine water for public or agricultural use. The U.S.
Environmental Protection Agency (1976) has established a recommended
limit of 250 mg/L for chloride in drinking water. Water with 500 mg/L
or more of chloride is unsuitable for most agricultural uses.
Therefore, based on the relationship shown in figure 14, water with a
specific conductance of 1,000 umhos/cm is unsuitable for public
supplies and water with a specific conductance of 2,000 umhos/cm is
unsuitable for most agricultural uses.
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Figure 14 .—Bottom salinity and specific conductance of the Umpqua River estuary.

On October 3, 1979, temperature, specific conductance, and
salinity were measured in the Umpqua estuary during high tide and low
inflow. Seven sites were sampled between Highway 101 bridge (RM 11.5)
at Reedsport and a site about 3 mi upstream from Dean Creek (RM 19.5).
These data, and the data collected by Mullen (1973) under similar
hydrologic conditions, are shown in figure 14. The larger salinity
values obtained during this study, as compared fo Mullen's data, are
due principally to a higher tide, smaller inflow condition.

Because the data collected during this study show that saltwater
encroaches as far upstream as RM 20, at least for short periods, use
of the water in the Umpqua River estuary is limited. Data collected
by Mullen (1973) show (1) maximum upstream encroachment at the
confluence of the Umpqua River and Mill Creek (RM 24.2) and (2) tha+t
from July to October 1972 the estuarine water downstream from Dean
Creek (RM 16.5) was too salty for domestic or most agricultral uses.
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Selected Lakes

The freshwater lakes are an important water resource in western
Douglas County. Clear lLake provides the public~water supply for
Reedsport and surrounding communities. Several other lakes are
heavily used for recreation and sport fishing.

In 1980, water from several lakes in the project area was sampled
and analyzed for selected chemical constituents and biological
features. With the exception of Loon Lake, which is about 25 mi
inland, all the lakes are near the coast (see fig. 10). Five of +the
lakes (Elbow, Marie, Threemile, Carter, and Edna) were sampled only
once during the spring. Two lakes, Loon and Tahkenitch, were sampled
three times during the year to compare seasonal variations.
Bathymetric maps with the sampling-site locations (Rinella, 1979) are
presented in figure 17. Data for Clear Lake were collected in 1978-79
by Rinella and others (1980).

Chemical and biological data for the lakes are shown in table 3.
The water in the lakes is soft and contains small dissolved-solids
concentrations. The seven coastal-lake waters have predictably
dominant ions of sodium and chloride. Loon Lake water, being farther
inland, has dominant calcium and bicarbonate ions.

Many elements and compounds are nutrients that supply food for
growth of aquatic plants, including phytoplankton. Dissolved
inorganic nitrogen (nitrite, nitrate, and ammonia), orthophosphate
phosphorus, and carbon are the major nutrients that are often
exhausted by phytoplankton, thus limiting growth of all aquatic plants
(Britton and others, 1975). Critical minimum concentrations of
nitrogen and phosphorus necessary to support nuisance plant growths in
Wisconsin lakes have been found to be 0.30 mg/L for inorganic nitrogen
and 0.0 mg/L for inorganic phosphorus. These critical concentrations
were determined in the springtime, when nutrient concentrations
commonly are at a maximum at the start of a growing season (National
Academy of Sciences and National Academy of Engineering, 1972). The
nutrient concentrations of lakes sampled in western Douglas County
were generally less than the concentrations for Wisconsin lakes,
although the inorganic nitrogen for Elbow and Tahkenitch Lakes
(February 5, 1980) exceeded 0.30 mg/L. Both lakes had a limiting
concentration of 0.000 mg/L of orthophosphate.

Biological features are good indicators of the productivity of
lakes, and those for lakes of western Douglas County are included in
table 3. Concentrations of suspended algae were measured directly by
cell count per unit volume and by chlorophy!! a. Algal growth
potential (AGP) in lakes was estimated by bioassays in which the
growth of a selected test alga was observed in filtered lake water
under laboratory conditions.
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Productivity is defined as the total amount of living matter
produced in an area per unit of time regardless of the fate of the
living matter (Greeson and others, 1977). Because a lake undergoes
very complex and rapid changes in productivity, such as algal blooms
and die-off, the algal count and chlorophyll a data can be used only
to describe the condition of a lake at the time of sampling.

The chlorophy!l a concentrations range from very small!l to
moderate in terms of productivity of chlorophyll-bearing phytoplankton
(National Academy of Science and National Academy of Engineering,
1974). The number of algae, based on cell count, was considered to be
small for all lakes except Tahkenitch, but five of the lakes were
sampled only once in the spring and the algae generally increase later
in the summer depending on nutrient availability. Of the five lakes
sampled only once, Elbow Lake had the largest springtime cell count
and has the potential of a large cell count later in the summer.

Loon, Tahkenitch, and Clear Lakes, which were sampled seasonally,
showed increases in algal population during summer. Tahkenitch Lake
had a large cell count of 2,625 cells/mL in August 1980 due to an
abundance of Ancystis sp., a blue-green alga that generally is
characteristic of productive waters. Counts of particular
phytoplankton species in each sample are listed in table 9.

The AGP of lakes was determined by biocassays for which the growth
of the test alga, Selenastrum capricornutum, was monitored in filtered
lake water. The growth of this alga may not be identical to that of
indigenous species of algae in the lakes, but the growth trends are
probably similar (Miller and others, 1978). With the exception of the
February sample from Loon Lake, the AGP values were moderate for all
other lakes, indicating moderate productivity (Miller and others,
1974). The larger AGP value in February for Loon Lake, although
difficult fo explain, probably was due to all the nutrients being
available in the water column after fall furnover of the lake.

In addition to the standard AGP tests, selected samples from
Loon, Tahkenitch, and Clear Lakes were spiked with 1.0 mg/L of
nitrogen (as N) and 0.05 mg/L of inorganic phosphorus (as P) to
ascertain if one of these nutrients limited algal productivity.
Results of the spike test are shown below:

Algal growth potential

Nitrogen Phosphorus
Lake Date Regular spike spike
Loon 8-26-80 0.8 0.7 1.8
Tahkenitch 5-13-80 .4 .4 4.0
Clear 5-02-79 .3 .4 6.0

The nitrogen spike did little to enhance AGP, whereas the
phosphorus spike significantly increased AGP values for Tahkenitch and
Clear Lakes, indicating that these two lakes may be phosphorus |imited.
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Because neither the nitrogen nor phosphorus spike enhanced algal
growth in the Loon Lake sample, one or more of the following
conditions probably exists: (1) Loon Lake is both nitrogen and
phosphorus }Yimited; (2) one or more of the minor nutrients, such as
iron, manganese, cobalt, or boron, is not present in the water; and
(3) an unknown toxicity is present that retards productivity. A more
detailed study would be required to determine to what extent the
conditions exist and their causes.

Figure 15 shows temperature and dissolved-oxygen (DO) profiles of
seven lakes measured May 13-15, 1980, at which time four of the
lakes--Loon, Elbow, Marie, and Edna--had begun thermal stratification.
Profiles for the four lakes indicate an oxygen deficit in the lower
part of the water column (hypolimnion), with Loon Lake showing the
least deficit. Deficits at the lower depths are probably due to
oxidation of organic matter, which is characteristic of
nutrient-enriched or productive lakes.

Figure 16 shows profiles of seasonal variations of temperature
and DO for Loon, Tahkenitch, and Clear Lakes. All three lakes show
the effects of turnover in late fall and early winter, when the water
becomes well mixed and is not stratified. |In early spring, Clear Lake
begins to show thermal stratification, with no oxygen demand in the
water column except at the bottom. By late summer, the lake shows a
sharp temperature transition in the metalimnion, a layer of water that
rapidly decreases in temperature with depth, and an oxygen deficit in
the lower cold layer, the hypolimnion., The seasonal pattern is
typical of lakes of this size in the North Temperate Zone (Smith and
Belta, 1973).

Tahkenitch Lake shows no stratification throughout the year, nor
does it show any oxygen deficit except at the mud-water interface at
the bottom. The overall shallow depth, large surface area, ample
light penetration, and circulation patterns aided by wind seem to keep
the water well mixed and prevent stratification.

Loon Lake is unusual in its seasonal profiles. Temperature in
the hypolimnion changes very little during the year, but a very sharp
temperature transition takes place in the metalimnion by mid-August.
The upper warm-water zone (epilimnion) in Loon Lake is shallow
compared to that of Clear Lake. DO profiles for Loon Lake are
different from those for other lakes in that a small oxygen deficit
exists in the metalimnion throughout the year and becomes quite
pronounced in late summer. The reason for this patfern is not known,
but there is a definite oxygen demand, either chemical or biological,
in the metalimnion. As is characteristic of productive lakes, the
lower, cold-water zone has an oxygen deficit, beginning in the spring
and increasing during the summer.
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Nutrients are characteristically depleted during the summer
growing season, particularly nitrite plus nitrate for Tahkenitch and
Loon lLakes. Throughout most of the year, orthophosphate in
Tahkenitch, Loon, and Clear Lakes is less than the detection limit.
Tahkenitch Lake shows a marked decrease in silica concentration during
the year, whereas Clear and Loon Lakes show no change. The decrease
in silica in Tahkenitch Lake is due to consumption by diatoms.

The aquatic-weed problem in Tahkenitch and Elbow Lakes is well
documented (Saltzman, 1964). The macrophytes are so dense in summer
and early fall that use of Tahkenitch and Elbow Lakes is restricted,
particularly for boating, fishing, and swimming.

SUMMARY OF WATER-RESOURCES CONDITIJONS

About 80 percent of the average annual precipitation of 77 in. at
Reedsport falls from October to March. Most of the precipitation in
the project area results in surface-water runoff, with as little as 1
to 2 in. of recharge to the Tertiary aquifer. However, as much as 50
in. of the precipitation that falls on the coastal deposits of dune
sand recharges that aquifer. The amount of recharge to the fluvial
aquifer is unknown but believed to be less than that to the coastal
aqui fer.

Western Douglas County is in a large depositional basin of
Tertiary marine sedimentary rocks. These sediments, which may be as
thick as 9,000 ft, are the main aquifer of the study area. Most of
the wells drilled in this aquifer produce quantities of water barely
adequate for domestic use. Of about 450 wells completed in the
Tertiary sedimentary rocks, 22 were reported to be dry, and several
domestic wells are more than 500 ft+ deep. Poor-quality water has been
reported from several wells in the Smith and Umpqua River Valleys.

0f the overlying Quaternary deposits, the coastal deposits of
dune sand and marine terrace deposits may have the best potential for
future ground-water development. Assuming coastal deposits are
similar in thickness and |ithology to those north and south of the
study area, moderate to large quantities of water could be withdrawn
from this aquifer. Additional ground-water information is needed
before development is proposed.

Wells drilled in the fluvial deposits along the major streams
produce moderate to large quantities of water. These deposits,
consisting of sand and silt with occasional layers of gravel, are of
limited thickness in the eastern part of the study area, but may be
more than 100 ft+ thick near Reedsport. A well drilled near Brandy Bar
(22S/10W-06CBA2) adjacent to the Umpqua River at about River Mile 20,
was reported to produce 200 gal/min.
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In the project area, quality of ground water was generally
satisfactory in wells sampled; however, saline water was reported in
several wells drilled in the river valleys near the streams. About
one-third of the wells sampled had hard to very hard water and iron
concentrations exceeding the recommended criteria. Four wells had
concentrations of chloride greater than 250 mg/!, and many well owners
report "sul fur water."

The trend of monthly mean discharges of the small streams in the
project area follows closely the trend of monthly precipitation.
Weatherly Creek had the lowest dependable low flow (7-day, 20-year
recurrence interval) of 0.01 ft3/s, and Smith River had the highest
low flow of 3.6 ft3/s.

On the basis of the chemical constituents analyzed, water
quality of eight small streams is generally good, with dissolved-solid
concentrations generally less than 100 mg/L. During medium- and
low-flow conditions, Scholfield Creek had iron concentrations
exceeding the recommended |imits for domestic supplies. Paradise and
Weatherly Creeks also showed an increase in iron concentration during
low—flow conditions. The small streams also had noticeably larger
nitrite plus nitrate concentrations than did the Umpqua River,

Saltwater intrusion extends up the Umpqua River as far as River
Mile 20, at least for short durations, during low flow-high tide
conditions.

Water in the lakes in western Douglas County is soft and contains
small concentrations of dissolved solids. Loon Lake, unlike other
lakes in the area, has an abnormal oxygen demand in the metalimnion,
and does not seem to be dependent entirely on the phosphorus nutrient
to increase its algal production. Because of fairly abundant algal
growth during the summer months and the abundance of aquatic weeds,
Tahkenitch Lake is the most active in terms of biological
productivity. Elbow Lake is considered to be similar to Tahkenitch
Lake based on the one spring sampling and the reported abundance of
aquatic weeds.
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