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WATER CHEMISTRY OF THE REDWOOD CREEK AND MILL CREEK BASINS,

REDWOOD NATIONAL PARK, HUMBOLDT AND DEL NORTE COUNTIES, CALIFORNIA

By Wesley L. Bradford and Rick T. Iwatsubo

1

ABSTRACT

A 2-year study was made in the Redwood Creek and Mill Creek drainage
basins of Redwood National Park to determine existing chemical water-quality
conditions and to identify the effects of logging on water quality in the main
stems and tributaries of the two basins.

Overall, the chemical water quality of the main stems and the tributaries
is excellent, suitable for most beneficial uses. Dissolved-solids concen-
trations range from 25 milligrams per liter in the Redwood Creek basin and
21 milligrams per liter in the Mill Creek basin during the rainy season to
139 and 49 during the dry season. Water shifts from a mixed calcium-sodium
bicarbonate-chloride type toward a calcium bicarbonate type from the end of
the wet season to the end of the dry season. It shifts back toward a mixed
calcium-sodium bicarbonate-chloride type from the end of the dry season to the
end of the wet season. The pH shifts with the water type from a median value
of 6.80 in the rainy season to 7.37 in the dry season. Nitrogen and phos-
phorus concentrations are generally too low to support nuisance algae but are
high enough, in some streams, to support modest populations, particularly in
the main stem where light levels are high. Trace-metal concentrations are
low, typical of clean streams.

Evidence suggests that dissolved calcium and bicarbonate in stream water
is produced by weathering of the Franciscan assemblage underlying the basins
! but that chlorides are transported inland from the ocean as dry fallout and
spray and in rain. Exposure of the surface soils to the elements, ei.ner by
logging or by natural causes such as sparse vegetation, seems to accelerate
weathering, which leads to a calcium bicarbonate water type. Logging accel-
erates weathering most in the tributary watersheds with regoliths derived from
sandstone and least in those with regoliths derived from schist; however, the
data suggest that the rate of weathering in a schistose watershed can increase
dramatically if soil disruption is extensive.
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Studies during storms indicated that specific conductance and alkalinity
were two to three times as likely to decrease at the discharge peak in logged
watersheds as in forested ones. This suggests that overland flow containing
lower concentrations of soil-derived dissolved solids than flow from other
sources is a larger component of peak flow in logged watersheds than in
forested watersheds.

Comparing a storm in November 1974 to one in February 1975, nitrate
concentration increased significantly from November to February in a stream
draining a logged watershed and decreased significantly in a stream draining a
forested watershed. Then from the rainy season to the dry season, nitrate
decreased in both logged and forested watersheds. This pattern suggests that
soil nitrate produced by fixation and organic decomposition early in the rainy
season tends to wash out of logged watersheds but be taken up in tree growth
in forested watersheds. As the dry season progresses, base flow containing
little nitrate enters the streams, causing a decrease in nitrate concentra-
tion. By contrast, the other plant nutrients--phosphorus, Kjeldahl nitrogen,
ammonium, and dissolved organic carbon--all decreased in streams from the
November 1974 storm to the February 1975 storm and changed little from the
rainy season through the dry season. This pattern suggests that these
materials tend to accumulate in the soil during the dry season and be washed
out and diluted as the rainy season progresses. Very little reaches the water
table due to soil absorption so that little appears in the base flow during
the dry season.

\

INTRODUCTION

Purpose and Scope

The purposes of water-quality studies in the Redwood Creek and Mill Creek
basins are (1) to describe existing conditions in the main stem and tribu-
taries and (2) to ascertain if differences exist, in the quality of water
draining from various watersheds, that may be ascribed to differences in land
use or the composition of the regolith (the surface mantle of unconsolidated
material produced by weathering and erosion).

This report includes the interpretation of chemical-quality data
collected in the Redwood Creek and Mill Creek drainage basins from September
1973 through September 1975.

The report is lengthy and detailed. Findings aré summarized at the end.
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Background

The Redwood Creek and Mill Creek drainage basins (fig. 1) are along the
northern California coast where the moist, mild climate and seasonally heavy
rainfall are suitable for growth of the coast redwood (Sequoia semperviren)
and associated vegetation. Prime examples of old-growth redwood forests are
found here, particularly in Redwood National Park and neighboring state parks

The forests of these basins are of major econohmic importance as sources
of timber and wood fiber. Together with associated streams and wildlife, the
forests are important recreational resources. Redwood National Park was
established by the U.S. Congress on October 2, 1968. The park includes
downstream areas of the Redwood Creek and Mill Creek basins.

No direct Federal control is exercised over logging operations upstream
or upslope from the park boundaries. Evidence (primarily from Janda and
others, 1975a) suggests that logging upstream and upslope from the park is
causing numerous detrimental effects on the recreational resources of the park
itself. Aggradation of stream channels by sediment, streambank erosion, and
accumulation of course-grained sediments at the base of some trees, which
eventually affects the root systems, has been observed. The most severe
threat to old-growth redwood stands is in the 1l-km-long, 0.8-km-wide corridor
forming the southernmost part of the park where the effects of upstream and
upslope logging are manifested (Iwatsubo and others, 1975, p. 2).

The National Park Service recognized the potential dangers to park
resources from upstream logging and, soon after the creation of the park,
began studies to assist in managing the park resources. R. C. Curry
(U.S. Dept. of Interior, Assistant Secretary for Fish, Wildlife, and Parks,
written commun., 1973) identified several potential hazards from increased
erosion and recommended mitigating measures. He further recommended that the
U.S. Geological Survey begin '"...studies to provide the data needed in
formulating management activities that would assure...the preservation of park
resources" (Janda and others, 1975a, p. 5). On August 16, 1973, the National
Park Service authorized a 3-year program of studies, and the Geological Survey
began collecting data in September of that year.
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Data and results of the ongoing studies have been presented in several
reports. Janda and others (1975a) presented a comprehensive report on
environmental conditions in the Redwood Creek drainage basin. Iwatsubo and
others (1975, 1976) presented the water quality, sediment discharge, and
biological data collected during the first 2 years of study. Janda, Nolan,
and Harden (1975b), Lee, Kapple, and Dawdy (1975), and Averett and Iwatsubo
(1975) have published interpretive reports of water and sediment discharge,
rainfall-runoff relationships, and agquatic biology. Additional reports
discussing sediment, water discharge, and aquatic biology are being prepared

concurrently with this report.

The effects of upstream and upslope logging that are most apparent and of
primary concern to the National Park Service are increased erosion and
sedimentation. Effects on water quality, if there are any, are less obvious
and were initially of less concern. Nevertheless, studies in the Hubbard
Brook Experimental Watershed in New Hampshire (Likens and others, 1967; 1970),
in the Oregon Cascades and Coast Ranges (Brown and others, 1973; Fredriksen,
1971; Fredriksen and others, 1973), in the Rocky Mountains of Montana and
Idaho (Snyder and others, 1975; DeByle and Packer, 1972), and in the
wWashington Coast Range (Grier and Cole, 1971; McColl and Cole, 1968) all
showed that common logging practices--clearcutting, road building, and
slash-burning--caused changes in the quality of water draining from the
affected watersheds. Thus, the observable effects of logging on water quality
in the Redwood National Park could not be discounted without further study.

~

Description of Study Area

The Redwood Creek and Mill Creek drainage basins have been described i
detail by Janda and others (1975a). The brief descriptions that follow focus

on features thought to affect water quality.

Physical Features

The Redwood Creek drainage basin (fig. 2) consists of 730 km? o
generally high-relief, geologically unstable terrain in California's norther
Coast Ranges. Basin elevation ranges from sea level at the northern end nea
Orick to 1,600 m in the southern end. The relief, in cross sections normal t
the basin axis, ranges from 600 m in the northern end of the basin to 900 m i
the southern end. Hill-slope gradients range from an average of 31 percent i
the northern quarter to 34 percent in the southern quarter of the drainag
basin. Slope gradients steepen from the drainage-basin boundary to the stred
channels and in several places are nearly vertical adjacent to the streams
Flood plains along Redwood Creek are discontinuous, and most are less thdl

60 m wide.
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The Mill Creek drainage basin (fig. 3) consists of 96 km? of high~relief,
geologically unstable terrain. The slopes of this basin are, however, more
stable than those in the Redwood Creek basin. Elevations in the basin range
from 21 m, at the confluence of Mill Creek and the Smith River, to 710 m.
Cross-sectional relief increases downstream from 575 m in the West Branch to
671 m near the mouth. Average hill-slope gradients range from 34 to 37
percent. The terrain at the drainage basin boundary is broad and gently
sloping but steepens downslope and becomes quite steep adjacent to the stream
channels.

Redwood Creek and Mill Creek are fed by numerous tributaries with steep
channel gradients. Gradients in the main channel tend to be steep upstream,
becoming gentle downstream. Because of the extremely steep slopes of the
basins, one would expect streams to rise rapidly in response to rainfall, and
the potential for erosion to be high. The steepness of channel gradients in
the tributaries and main channels suggests that flowing water will be
turbulent and thus generally saturated with dissolved gases--oxygen, nitrogen,
and carbon dioxide. At low flow, however, photosynthesis and respiration in
pools could cause alternating supersaturation and depression of dissolved-
oxygen concentrations.

Climate and Rainfall

N

The climate in the northern part of the Redwood Creek drainage basin and
in the entire Mill Creek drainage basin is influenced by the ocean. The
climate is described as coastal Mediterranean, characterized by high winter
precipitation (1,780 to 2,290 mm per year), mild temperatures, and short, dry
summers with frequent fog. The inland southern part of the Redwood Creek
drainage basin has an interior Mediterranean climate with high winter
precipitation (2,030 to 2,540 mm per year), mild winter temperatures, and hot,
dry summers with infrequent fog. Precipitation varies widely from year to
year and is greatest at highest elevations. Most precipitation occurs as rain
from large storm systems generated in the Pacific Ocean. Occasionally, snow
falls at higher elevations; however, accumulations usually do not exceed
0.6 m. Near the coast, some precipitation also occurs as fog drip (Janda and
others, 1975a, p. 89).
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Through much previous work and numerous data on California coastal
streams, it is known that the seasonal pattern of streamflow follows the
seasonal pattern of precipitation in a well-established sequence. As the dry
season gets underway, usually in April or May, water stored in ponded areas
and channels drains off. As the dry season progresses, streams are fed at a
low and gradually decreasing rate by base flow made up of ground water with a
i long residence time in the soil and underlying materials. Soil moisture is
depleted, and water levels in the ground-water reservoir decline.

When the rainy season returns, usually in October or November, precipita-
tion first replenishes the soil moisture and there is little runoff. At times
precipitation may be intense enough to exceed the infiltration rate and cause
some runoff as overland flow, which makes little contact with the soil, or
quick-return flow (Jamieson and Amerman, 1969), which has short-term intimate
contact with the soil (several minutes). As the rainy season progresses
soil-moisture needs are met; infiltration gradually replenishes the ground-
water reservoir, causing an increase in base flow; and, the soil becomes more
saturated, causing overland flow to appear more quickly in response to
precipitation than earlier in the season. Also, streamflow between 'storms
increases, owing to delayed-return flow (Kennedy and Malcolm, 1978). Delayed-
return flow is water that makes contact with the soil for several hours and
reemerges as surface flow (Jamieson and Amerman, 1969).

. ; Because of differences in the sources of water feeding streams in the dry

s H season and wet season, noticeable differences in water quality are expected. )
5 " Kennedy and Malcolm (1978) observed in the Mattole River, another coastal
stream, that as the wet season progressed the dissolved-solids concentration

in both stormflow and base flow gradually decreased, and as the dry season
progressed the dissolved-solids concentration in the base flow gradually
increased. Changes in the relative concentrations of the major ions were also
observed. '

‘ % Stream water may also vary in chemical composition owing to proximity to

the coast. sSalt spray and fog containing sea salts would be expected to ]
) envelop watersheds closer to the coast more often than those farther 1n1and N
and streams may differ in chemical composition because of it.

Little is known about the chemical composition of precipitation in the
study area. Data for rainwater samples collected by Iwatsubo and others
(1975; 1976) are summarized in table 1. Generally, these rainwater samples
showed extremely low concentrations of all constituents except phosphorus and
nitrogen, which were unexpectedly high. This suggests that rainfall may be an
important contributor to the nutrient budgets of the Redwood and Mill Creek
basins. Likens and others (1970) also found high nitrate concentrations in
bulk precipitation (dry fallout, rain, snow, and hail) in the Hubbard Brook,
N.H., experimental watershed and thought this to be a major nutrient source.
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TABLE 1.--Summary of data on rainfall composition

[samples collected within park boundaries; maximum elevation
120 feet. Constituent values in milligrams per liter except
aluminum and iron (micrograms per liter) and specific
conductance (micromhos per centimeter at 25°C).

Iwatsubo and others, 1975 and 1976]

Data from

Table of Contents

Number
Constituent Median! Range of
samples

Silica 0.2 0.0-1.2 5
Aluminum 0 .0-30 3
Iron 20 10-40 5
Calcium .9 0.1-1.2 5
Magnesium .1 0.0-0.7 5
Sodium 1.2 0.3-1.8 5
Potassium .1 0.1-0.5 5
Bicarbonate 3.5 0-7 4
Carbonate 0 0 4
Alkalinity, as CaCO3 2.5 0-6 4
Sulfate .7 0.5-2.0 5
Chloride 1.1 0.4-2.0 5
Fluoride .0 0.0-0.1 5
Total nitrite plus nitrate, .045 0.02-0.06 8

as N '
Dissolved nitrite plus .030 0.02-1.3 5

nitrate, as N '
Dissolved Kjeldahl nitrogen .095 0.02-0.53 4
Dissolved total phosphorus .05 0.01-0.08 8
Dissolved orthophosphorus .02 0.0-0.02 4
Dissolved solids, sum of 8 4-12 4

determined constituents
Hardness, as CaCO03 3.0 2-3 5
Specific conductance 30 26-35 4

The median of an even-numbered set of n observations is the
value midway between the n/2 and n/2+1 observations, ranked in
value from smallest to largest.
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Vegetation

Vegetation in the Redwood Creek basin varies with slope, elevation,
microclimate, and several other factors. In the lower flood plain near Orick,
the vegetation is a mixture of shrubs, grasses, pasture, and trees--predom-
inantly Sitka spruce and shore pine. Redwood and Douglas-fir dominate the
upland vegetation from the shore to about 15 km inland (Janda and others,
1975, p. 102). Farther inland, redwoods grow only in the moist flood plain,
terraces, and lower slopes adjacent to streams. On higher ground, Douglas-
fir, tanoak, and madrone become more abundant; on high ground toward the
southern end of the basin, Douglas-fir, white fir, incense cedar, and black
! oak predominate. In contrast, the Mill Creek basin is largely covered by a
dense forest of mixed redwood and Douglas-fir. ‘Redwood-dominated groves
occupy the flood plain, low terraces, and adjacent slopes in the downstream
end of the basin.

The presence or absence of forest vegetation can have a noticeable effect
on streamflow, temperatures, nutrient concentrations, pH, and dissolved-oxygen
concentrations in streams.

Streamside vegetation restricts incoming solar radiation and outgoing
back radiation, effectively reducing the temperature range. Moring (1975)
found that after clear-cut logging and removal of riparian vegetation, water
temperatures increased as much as 12.7°C over prelogging averages in the Alsea .
! experimental forest, Oregon. Restricting incoming solar radiation restricts
i photosynthesis by algae in the water, thus decreasing diel variations in pH
and dissolved-oxygen concentration.

Heavy vegetation increases evapotranspiration, thus reducing the amount
of water available for leaching the soil. Likens and others (1967) found that
removing the tall trees increased the base flow in an experimental tract at
Hubbard Brook, New Hampshire. t

Trees also assimilate substantial amounts of nutrients from the soil,
nutrients that may wash out of the watershed in the absence of the trees.
Likens and others (1969) noted increased nitrate washout from the Hubbard
Brook watershed after clear-cut logging and attributed this to decreased
nitrate uptake from the soil.
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Geology

The Redwood Creek basin upstream of Prairie Creek (fig. 2) is under}
by the indurated Franciscan assemblage that shows varying degrees
metamorphism. The eastern side of the basin consists mostly of unmetap
phosed marine sedimentary rocks, largely graywacke and sandstone with leg
amounts of mudstone and conglomerate. By contrast, rocks on the western g
are finer grained and consist of small, discontinuous bodies of greenstq
bedded radiolarian chert, and thick deposits of mudstone interbedded
sandstone (Janda and others, 1975a, p. 10-11). Schists, mostly light-
medium-gray quartz-mica-feldspar and quartz-mica, crop out throughout :
western half of the basin.

The regoliths overlying unmetamorphosed sedimentary rocks range
thickness from about 0.5 m at higher elevations to about 4 m on lower slop
The overlying soils have high infiltration capacity, good subsurface draing
and moderate to high erosion potential.

Where schist and sandstone crop out together, the regolith derived f
the schist is generally thicker, finer grained, and more cohesive than t
derived from sandstone. The soils overlying the schistose regolith have
infiltration capacity and good subsurface dralnage but contain slightly f
clay, which makes them less susceptible to erosion than soils on the unmet§
phosed, sandstone-based regolith. '

The Mlll Creek drainage basin is underlain by unmetamorphosed sands
of the Franciscan assemblage and some outcrops of metamorphic rocks.!
contrast to the Redwood Creek drainage basin, the rocks there ‘are
fractured and sheared and have weathered to soil series having gre
cohesion. The soils are physically more stable and have a lower ero
potential than those in the Redwood Creek drainage basin. Origins of}
regoliths in tributaries in this drainage basin are similar to one anot

Logging History

Logging in the late 19th and early 20th centuries was limited largel
clearing flood plains and terraces in gentle terrain to provide pasture.
1947 less than 5 percent of the Redwood Creek basin had been logged (Jands
others, 1975a, p. 114-122). The rugged topography upslope prevented l
scale timber harvesting until the early 1950's
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Intensive logging occurred in the upper part of the Redwood Creek basin
in the early 1950's and in the lower part in the late 1950's. By 1973, only
about 20 percent of the basin retained old-growth redwood forest. During the
1940's, the most common logging method was selective cutting of small timber
plots, but in the 1950's the clearcutting of larger blocks and yarding
(gathering for loading on trucks) the logs downhill by tractor became popular.
Soil disruption resulting from extensive logging probably increased erosion
(Janda and others, 1975a, p. 164) and altered the hydrology of the basin (Lee,
Kapple, and Dawdy, 1975). '

Logging in the Mill Creek drainage basin is less well documented than
that in the Redwood Creek drainage basin, but presumably it followed a similar
course. By 1973, 49 percent of the basin retained old-growth redwood forest.
Much of the logging was in the watershed of East Fork Mill Creek. West Branch

Mill Creek has been less extensively logged, but certain sections .have been
clearcut. :

STUDY DESIGN

Throughout this report reference will be made to the Redwood Creek and
Mill Creek drainage basins, which encompass several subbasins identified by
the names of the creeks tributary to the main stem. To simplify terminology,
the term '"drainage basin" will be used to refer only to the entire Redwood
Creek and Mill Creek drainage basins. The term "watershed" will be used to
refer to the area drained by tributaries to Redwood Creek and Mill Creek, and
the name given to the watershed will be the name of the tributary creek.

Table of Contents
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od Creek and Mill Creek
mosaic of old growth,

sampling stations were
e of this broad range of

20
Land-Use and Regolith classification
The logging and regrowth history of the Redwo
drainage basins has produced a complex present-day
advanced secondary growth, and cutover forest areas.
gelected primarily to provide a data set representativ

land uses.
following land-use codes:

watersheds in the Redwood Creek drainage basin were assigned the

Watershed first logged prior to

Largely virgin

a separate land use.

now gubstantially !

logged during this study.

watershed first logged since

first logged well

timber with

Code Description
MS Main-stem stations: Not counted as
RF Regrown, forested:
establishing park (1968) and
RF-type. Not being
VL Virgin timber, logged:
1968; in some cases watershed was being logged during
this study.
RL Regrown, bein logged: Wwatersheds
before 1968 and being logged of second growth during
this study.
VF Virgin timber, forested:

the study object

in the Mill Creek drainage basin,
between West Br

by describing water-quality differences

is only about 25 percent logged (above station 11532605) ,
d (above station 11532615) (Iwatsubo and

creek, which is about 52 percent logge
others, 1976).

small and variable amounts of advanced second growth.

ives were accomplished
anch Mill Creek, which
and East Fork Mill
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For this study, sampling stations in the Redwood Creek drainage basin
, were also classified according to three broad categories of regolith compo-
; sition of the watershed:

Code . Description
st Schist: Watershed underlain predominantly by schist.
Sn Sandstone: Watershed underlain predominantly by indu-

rated sandstone, fractured in varying degrees, and
some mudstone.

Mx Mixture: Watershed underlain by a mixture of sandstone
and schist or transitional rocks.

i I . The regolith structure and soil-profile development do not differ
: significantly between the two tributary watersheds studied in the Mill Creek
drainage basin.

/! More detailed descriptions of the watersheds upstream from the sampling
stations are in Iwatsubo and others (1975; 1976). Descriptions of the
, sampling stations in the Redwood Creek and Mill Creek drainage basins
i x pertinent to the classification schemes described above are listed in table 2.
1 i Locations of stations listed are shown in figures 2 and 3.

b ¥ Strategy of Data Collection

i ¥ In order to gain a comprehensive picture of water quality in a stream, it
)} : should be observed at three different periods--during storm runoff, over diel
I g periods at low flow, and in periods between storms. Three data collection
il g programs were designed to observe streams in the two basins at all three

periods.




- STeYS pue SUO3ISPURS/ISTUDS SH ge o ) o bl Sl B

(2]

: 09 S 1°91T X X yooI1D poompey 0ZTZ8FTT
S e R — e e AREEO RO

M }oTIQ IRBSU

Q@ 1Xrepunog xed Yinos
= - oTeUS pu® suolspues /AsSTUDS SH Q€< S9 G> 98T X X qe Y99I POOMPSY 00Zz8v1T

= }OTIQ Tesu
us oTRUYS Ppu® suo3spues AN o€ 1037 0¢ 6°GGT 3}o8xD SPTIS 061Z871T

| J{OTIO Tedu
us suo3spues/3ISTUOS TA 14 o€ 0t 1°08T seax0 x9ddoD  09Te8¥Il

HOTIO TedU HSIID
1s 3ASTUDS dA 00T - - 6°€6C 3STUSS adots-UbTH ov1Z8YTT

NOTIO TedU

1yoox) I9YIUR DAOUE
- oTeysS pu® suojyspues/asTUdS SH GE 09< G> 8°81 X 901D PoomMpaYd 0Z1Z8YTT

AUSUTPOS }OTA0
us poxesUsS~-oTRYS suo3spues ™ 0Ss ov 0T Z° LS tesu 3@oID SHOPI OTTIZ8VIT

oyel ould Iedu
156pTIg AOTTRA POOMPT

oTeys pue SUOISPUERS/ISTUSS SH 1 09< s> 6°9C P qe yeoxD poompad  0TOTBYTIT
ool onTd IAesu
= oTeUS pu®R suo1SpURS/3ISTUDS W oy gG< G> € T¢ < W91 POoOMPIL 00ST8YIT

uTseq obeuleIp 9910 poOMPAT

O eyt TS
13 TUSTT gurgstr

Yo} - s ;
It a2 _qeass  (wi/W) w

uoTIeD uotaed  —URAD®R o1

—T3TSS®ID (Tetaeem juexed) TTOS —T3TSS®eTO pue zot1ad sours 2ueTPRI® .1y 5r3douks sured pue
AT ’ ' SeT o °bbOT  WedIls ’ ’ FoqUNU UOTIE
y3TT0b9d osn puel UTBAITA PIDBOT P 3 qum 13e3S

SHhRIDAY i

(esxe IO sbeauaoxad)
ssn puel 30 AIOISTH

[- ueuddy sopoooxd odia queuTtwopaxd 1/ Aq umoys sediy Fo ©INIXTU 1708l

spayszorem JO suo 13EOTFTSSBIO y3 ITO69T puUe SSN-PUEL pue uor3d[I0SSP uoT3elS--"7 TIMNL

WATER CHEMISTRY, REDWOOD NATIONAL PARK, CALIF.




N JOTIO IRSU

¥99ID) UEW ISOT  OSPESVIT
JOTIQ IBSU

991D sekeH (Q€eZ8PTIT
YOTIQ IedU IOOID

3ASTUDS 9doTS-MOT QZEZSVIT
JYOTIQ IvSU

I8BID NUIIYOW OTEZ8PTT
3OTI0 IeSU

3S8aD 3IS8M sued  GOETS8YIT
JOTIQ IedU

Mo2ID weTd Q0€78¥TIL
JOTIQ IBSU IBDID

U3anos sued G6ZT8YIT
JNOTIQ IedU I99ID

UosIe] IedsSQ 067Z8VIT
JNOTIQ Tesu

291D 3enboT1d  082Z8YTT
JOTIO IeSU

¥o8aD puod O0LZZSPIT
OTIO IDU ‘yYjnou

e YeoID ISTTTW 09ZZ8PTT
}OTIO IBSU

o2IxD) IDTTTW 0S2ZZ8PTIT
JOTIO IesU

¥ooI1D Inozhk3zod 0FITSYIT
JOTIO IeIU H99ID

PTRUOJOW WOL 0¢ZZ8PTT
NOTIQ IeSU

yo9OID) ISTM AIXIBH STIZSYIT
JOTIQ Iesu
‘391D IOTM AIIRH Ss0qE

99ID pooMpad  (0Z2ZZ8FTIT
YOTIO ITBdU

(2]
5
= o)
S N
@]
©
<
e}
<
—
us 9TeUS pu® 2UOJSPURS Bt €T .8 - 9°¢0T X
P us STBUS pu®B 3UOISPURS AA 96 ¥ - 8°9£7
(S}
~
0 s 3ISTYOS AA 00T - - L TPC
I
a .
b as ISTUDS TA T4 Sv ot ULy
f]
W XW STeUS pu® SUO3}SPUBRS/ISTYDS AA 00T - - L°S62Z
0
as ISTYSS TIA (01 o€ (8374 8768
XW ASTYOS/STRYS pPueB SUOISPUERS A 00T - - 8°T/Z
X ASTYOS-OTBYS PUR SUOISpuUrRS TAg LL - [ X4 £7¢€8¢
XW AISTUOS-2TRYS PUR IUOISPURS TA S - =3} 6°61C
as ISTUOS T 8T qs LT LTLET
Xy ISTYOS-STRYS pur SUEASPURS IA (X4 - LL ¢°00¢ X
us STRUS pur aUO3SpuURs TA 0T - 06 0202 %
21s ASTYDS ™ S St 0¢ S*P0T
as 3ISTYOS ™ ian 08 9 T°0L
XMy STeUS pUR SUOISPURS TA 09 - ov T°SvT X
- 9TRUS pue SUOISPURS/ASTIYODS S S€ 09 S T°9T X
e —3STYDG- “RE 76 SS et K G, O3
o OTBUS pUER SUOQSPUERS /ASTUOS S _0€< SO 5> 9°8T X

JYOTIQ IBedu
‘Axepunog aed UY3Inos

3T OO9ID DOOMDOH  00ZZ8PIT




R e e e e S A

m (eoxe o sbejusoiad)
m S e T e o T I a,@@ﬁi,@gm#:%muﬁhmﬂﬁwmﬂm s e eerrme A R AT AT TR,
— s crmsr,
@]
S
()
m - a@Teys pue ) o ren
E T®YUS P mﬁowm@GMm\umﬂﬂuw SH ov 0% 0T 7 €T X X 991D pooMpPad  00GT8YIL
ITejUsSWIPSS JOTIO IeSU HYIDAD
X pexeays/oTRUS puk SUOISPURS B - 00T - z2 192 usTso Axxsd 08FZ8VIT
OTIO IedU
us STeYsS pur 2UO3SpUERS Erc - 00T - 2V X 392910 eASUSD GLYCBVIT
NOTIO IBSU HDDID
us 9TRYS pu® SUOJISPUES JA Z6 8 - T°99 X X ueW 3SOT ST33TT O0LPC8VIT
JOTIO IedU
‘Z TON °3TS 3I® 991D
us oTPUS PUBR SUOISPURS AA 43 9 o v GL X X uey 3SOT ST33ITT 89FI8PIT
o9TRYS pur HOTIQ IBIU YODID
- 3U03SPURS-1USWTIPOS 3JOS B¢ o€ oL - €76 ureq AxxeT 099 Z8TPIT
NOTIQ TeSU AXe3jngrilL
ug 1STUODS/STRUS pue SUOISpues 7N 00T - - 6°EVC }22ID UBW ISOT  GSYI8VIT
ponUT3IUO)--UTSeq 2bRUTRIP o310 poompayd
b d
U3mox e yxed
puooes BUTYSTL
buTysTI
po2  ~@EISD_geise  (wi/w)
TOTI®D uotzeo  -UBAPE o3 oouTs 3JueTpeab sureu pue E
—13TSSeID (Tetxoqeu juered) TTOS —TITSSRTD pue zotad el wesaas 1eta ot3douls Toqunu qva ° ¥
yaTTobs™ ssn puel utbata pebboT e wmmuwbm orEIs |
]

(eoxe 3o ®berusoIad) |
osn puel o AIO3STH

peanuT3luOD--SpaYsISFeM JO SUOT3BOTFTSSPTO YIT[0HdI pue osn-pueT pue uor3drIOSSp UOTIBIS--°C TIAYL !

WATER CHEMISTRY, REDWOOD NATIONAL PARK, CALIF.

24




0
=
g
m o~
O -
]
@
| 9
 ®
T
"ST9TESTT I® SPPUW SUOTIRAISSJO ‘Iojem UBTY BUTING -UOTI®IS MOTI-MOT MHHmmﬁoqﬁHmm
. "GLE6T ‘6T-LT UyoxeWw or3douls Huramp usyel oTdures suo .mﬁqom
*ZO9ZESTT 3 Spewl SUOTIRAISSUO ‘I93em UDBTY BUuTing -UOTI®IS MOTI-MOT %H.mmmﬁug,.num:
-I0heT pelepPTIIOSUOD ATeom B AQ UTRTIDAO ST pRUSISIRM:
“ITem AxoHezed Ssn-pue Aue 3ITI JOU se0a,
*TeTaszew jusied yo odA3 TTos JueuTwopsid Jo sbejueonzed yzTm oexbe jou ssop odin rﬂ_...n,momwmH
A31D
JUS0S9ID IBSU ‘yYInouw
m STeys pur suojspues 7% 4 6T o€ 9°%C X IR Y99ID TITW 0€9TZESTT
e A1
m Jusosex) Iesu ‘sbpriag
=] STeys pue suojlspueg 8% Z 8T [42 S* LT : X A' 3¥99ID TITH 9C¢9CESTT
[ A31D 3usDsSSI) IRDU
"w STRYs pue UO]ISPUERS 6€ € 0c 8¢ 6°LE X X }93ID TTTHW 0Z9CESTT
Wu. W - A1) 3USDS9™ID
ot Ie3U ‘9bprag 3B YS9ID
9 STRYS pur Suolspues LY i74 T 8% 9° %Y X TITH 3I04 3sed GQI9ZESTT
o : 9%3T0
3 JUSOSSI) IBSU HoSI)
o X TITW 3I04 3Ised (0T9ZESTI
W A1) 3USOSS8I) IBSU
‘ebpTag 3° ¥OOID TTW
9TRUS puU®R SUOLSPUERS 8z T . LY 44 [=hget7 X youeag 3IsSM  S09ZeSTT
) mmu._uu QUSDS|ID
Tesu ‘punoxbdwed ISpTvY
. . P39 MOT3q 39910 TTTH
oTeys pue suojlspueg 674 0 LT 6€ 7°v9 X X youexg 3SSM  Z09ZESTT
:m.._.ﬁo AUDOSDID
Ie9U Moox) TITIW
X youexd 3ISOM  009ZESTT
uTseq sbeureap IO9I) TLIH
. poIeOTO Yamoxb VL6T
IO puoOSs Jo se
UTBITA
T eTaTead peoueapy pobboT
(esxe 3o 9bHejusDId)
9sn puel Fo AxXO3STH
S - S — S — — e —— L — -
3OTI0 3®
- 9T=yUS pue wGOu.wUGMW\u.w,.nﬂU.m SH o7 0g OoT 7 €T X X ASDID poompIy  00STBPTIT

o Kot tourrmas L _




I R = . ST S AT

9

Table of Contents

26 : WATER CHEMISTRY, REDWOOD NATIONAL PARK, CALIF.

Synoptic gtudies During Storms

Major effort was devoted to obtaining a comprehensive or synoptic
overview of water-quality conditions at several stations (table 2) in the

basins during several storms. 1In most of these gynoptic studies, field
measurements were made, and one to three samples were taken for laboratory
analysis. Field measurements of alkalinity, specific conductance, PH,

temperature, and dissolved oxygen were made at 2- to 6-hour intervals
depending on the progress of the storm. Wwater samples £for chemical analysis
and measurement of other properties (listed in table 3) were collected at
varjous times during each storm. The intent was to take samples at the rise,
peak, and recession of the hydrograph. For logistic reasons, however, at
times only one sample was taken.

During two storms, November 6-8, 1974, and February 5-9, 1975, at Harry

Wier Creek and Little Lost Man Ccreek at Site No. 2, gamples for laboratory

analysis were collected at l-hour or longer intervals in an intensive study of
the chemograph (water-quality variations with time during storm runoff) .

TABLE 3.---Constituents1 and properties measured or calculated for water
samples in the study (U.S. Geological Survey central Laboratory, Salt
rake City, Utah)

Alkalinity Ammonia nitrogen aAluminum Specific conductance
(total) Nitrate, as nitrogen Cadmium  pH :
calcium Nitrite, as nitrogen Copper pissolved solids,
Magnesium Nitrite plus nitrate, Iron sum of constituents
Sodium as nitrogen Lead percent sodium
Potassium Kjeldahl nitrogen zinc godium adsorption
Bicarbonate pDissolved total ratio
Carbonate phosphorus (as P)
carbon dioxide Dissolved ortho-
sulfate phosphorus (as P)
Chloride Dissolved organic
Fluoride carbon
Hardness, as guspended organic
calcium carbon
carbonate
Silica

lynless otherwise noted, constituents are determined on a sample
filtered through a 0.45-um filter and are thus termed ndigsolved."”
2constituent obtained by calculations from other measurements.

H
i
i
i
1
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Diel Studies

Studies of water quality were made over diel periods (24-hours) at
stations in the Redwood Creek drainage basin (table 2) July 18-19 and
September 10-11, 1974, and July 30-31, 1975. Diel studies at stations in the
Mill Creek drainage basin (table 2) were made July 3l-August 1, 1974. Field
measurements were made at 1- to 2-hour intervals.

- Studies of Seasonal Variations

To determine the seasonal variations water-quality measuremernts and
samples were taken at all stations at scheduled intervals. The resulting data
is termed "regular" since it resulted from a normal program of site visits.
In the Redwood Creek drainage basin, numbers of regular field measurements and
laboratory analyses were about equally distributed between land-use types.
More data were collected during the rainy season than the dry season, however.
In the Mill Creek drainage basin, numbers were about equal between East Fork
and West Branch watersheds, and between dry and rainy seasons.

METHODS

Water-Quality Measurements

The field measurements for alkalinity, specific conductance, pH, and
dissolved oxygen were made by methods described by Brown and others (1970) and
the American Public Health Association and others (1971). Total alkalinity
was determined onsite or in a field laboratory by titrating with standard
sulfuric acid to a pH of 4.5 as indicated by a pH meter. Specific conductance
was measured either onsite or in a nearby field laboratory. The pH was
measured onsite with meters and electrodes calibrated using two or more
buffers. Dissolved-oxygen concentrations were determined by the Alsterberg
azide modification of the Winkler method (Brown and others, 1970, p. 126).

The estimated precision of the field measurements are as follows:
alkalinity recorded to the nearest unit (£0.5 mg/L); specific conductance,
+3 units at values less than 80 and 5 percent above 80 pmho/cm at 25°C; pH,
+0.1 unit; temperature, retorded to the nearest 0.5°C (+0.2°C); dissolved
oxygen, +5 percent saturation.




28 WATER CHEMISTRY, REDWOOD NATIONAL PARK, CALIF. fable of Contents ‘
Water samples for the laboratory analyses and measurements listed in 1

table 3 were collected at approximately the middle centroid of flow of the |

stream (Guy and Norman, 1970) and were pretreated (as prescribed by Brown and

others, 1970) before shipment to the Geological Survey's Central Laboratory in

galt Lake City, Utah (now known as the National Water Quality Laboratory

located in Arvada, Colo.). The samples for major constituent determinations 3

(except carbonate and bicarbonate) and trace-element determinations were |

filtered through a 0.45-pm pore-size membrane filter and acidified to pH<Z2 |

with nitric acid. A separate sample for carbonate and bicarbonate analysis

was unfiltered and unacidified. The samples for dissolved-nutrient and

Kjeldahl nitrogen analysis were filtered through the same filter into ‘

polyethylene bottles and packed, without preservative, in ice for shipment.

The sample for chemical oxygen demand (COD) determination was acidified to ;

pH<2 with sulfuric acid and packed in ice for shipment. samples for dissolved

and suspended organic carbon analysis were filtered through silver filters of

0.45 pm pore size, and both filter and filtrate were packed in ice for

shipment. Methods for organic carbon analysis are described by Goerlitz and

Brown (1972, p. 4).

Analysis of Water-Quality Data

Several methods were used in analyzing the water quality data. The basic |
statistics such as the mean, standard deviation, and skewness (defined in |
snedecor and Cochran, 1967), were calculated by hand for selected sets 'of data '
or, for larger sets, by using the Al40 computer program of Steele and Moody
(1972). Analysis of variance as discussed by Riggs (1968, p. 31) and Snedecor
and Cochran (1967, p. 258) and the Student t-test (Snedecor and Cochran, 1967,
p. 59) were used to compare and contrast sets of data. The significance of
differences between some sets of data was determined using the sign test
described by Mendenhall (1971, p. 369) and Conover (1971, p. 121).

Regression analysis as discussed by Riggs (1968, p. 9-15) was used to
determine relationships between specific conductance and dissolved-solids
concentrations. Regressions for log of discharge versus log of specific
conductance were also calculated using the Al37 program of Steele (1973).

Trilinear diagrams (Piper, 1944, Hem, 1970, p. 268) were used to show the
relative composition of the major anions and cations in water samples.

|-

§

Throughout this report the arithmetic mean of a set of pH data has been
employed to represent the central tendency of the set. The reader should be
aware that the pH is the negative logarithm of the hydrogen ion activity, and
as a consequence, the mean pH is the negative logarithm of the geometric mean
of a set of hydrogen ion activities. The mean pH is not the average hydrogen
ion activity, nor the hydrogen ion activity one would obtain by mixing equal
volumes of the waters measured.
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RESULTS

Redwood Creek Drainage Basin

Summary Statistics

A statistical summary of selected water-quality measurements obtained in
this study in the Redwood Creek drainage basin is given in table 4.

The water of this basin is of excellent quality for drinking and
fisheries with low dissolved-solids concentrations and low hardness. In
major-ion composition it tends to be a calcium-sodium bicarbonate type, with
some magnesium, potassium, chloride, and sulfate. The coefficients of
variation! for calcium, magnesium, bicarbonate, and sulfate are larger than
those for the other major ions, suggesting more variable rates of supply for
those ions than for sodium, potassium, and chloride.

The set of silica (Si0,) concentrations has a narrow range and small
coefficient of variation. Thé sets of aluminum and iron concentrations have
wide ranges and large coefficients of wvariation. Because these three
constituents are derived from the weathering of alumino-silicate minerals, it
might be expected that the coefficients of variation would be alike.
Differences suggest that secondary processes such as adsorption or precipita=-
tion within the soil profile act on the three compounds differently and
influence concentrations in the streams.

Dissolved ortho and total phosphorus concentrations, on the average, are
high enough to support algal growth, but average nitrite plus nitrate
concentrations are probably low enough, relative to phosphorus, to be the
nutrient limiting growth of algal populations (Sawyer, 1947). The distribu-
tions of phosphorus and various forms of nitrogen are highly skewed positively,
suggesting occasional extremely high concentrations.

The mean concentrations of four trace metals--cadmium, copper, lead, and
zinc--were very near or below the detection limits of the analytical methods
used. Hence, there is some question whether the values should be used in
discussing the geochemical properties of those metals.? The data nevertheless
suggest that the concentrations of these metals are very low, typical of clean
streams.

IThe coefficient of variation is the standard deviation divided by the

mean.

2In independent analyses made on the nearby Mattole River, Vance Kennedy
(U.s. Geological Survey, oral commun., 1976), using more sensitive methods than
those employed here, found concentratlons which were lower by a factor of 2
for zinc, 5 for lead, and 10 for cadmium.
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TABLE 4.--Statistical summary of selected water-quality measurements,

Redwood Creek drainage basin

[Data from Iwatsubo and others, 1975 and 1976]

1 Standard Humbex Maximum  Minimum
Constituent Units Mean . s of Skewness
deviation observed observed
samples
Silica mg /L 6.44 1.07 182 14.0 4.0 2.06
Aluminum ug/L 36 42 161 280 0 3.3
Iron g /L 72 97 168 670 10 3.6
Calcium mg/L 7.87" 6.81 182 40.0 1.9 2.18
Magnesium mg/L 1.55 .77 182 4.3 .3 .97
Sodium mg /L 4.47 1.15 186 7.2 1.9 .05
Potassium mg/L .70 .25 182 2.0 .3 1.56
Bicarbonate mg/L 30.5 19.2 177 104 8 1.55
Carbonate mg/L .009 .092 118 1 0 11
Alkalinity, mng /L 29.9 21.0 1,187 111 3 1.2
as CaCoO3
Sulfate ng /L 4.68 4.65 183 29 .9 2.63
Chloride ng/L 4.82 1.53 189 11 1.6 .53
Fluoride mg/L .13 .21 63 1.0 .0 3.13
Nitrite plus mg/L .087 .214 170 2.2 .00 6.82
nitrate
Ammonia mg /L .018 .031 108 .26 .00 5.15
nitrogen
Organic mg/L .291 L7177 108 3.3 .00 3.71
nitrogen
Kjeldahl mg/L .257 .567 182 3.3 .00 4.64
nitrogen
Dissolved mng/1 .030 .081 .. 182 1.0 .00 10.2
total
phosphorus )
Dissolved mg/1 .014 023 80 .17 .00 4.6
ortho-
phosphorus
Dissolved mg /L 46.1 20.9 168 139 25 1.8
solids .
Hardness, as wmg/L 27.0 20.3 188 120 8.0 1.9
caco3
Specific umho/cn  80.2 50.1 2,494 295 17 1.6
conduct- at
ance 25°C
pH 7.19 .50 1,557 8.9 4.7 ~-.56
Temperature °cC 10.8 3.8 2,398 25.0 4.5 1.4
Dissolved rg/L 10.30 1.25 1,241 13.0 5.9 -.51
oxygen
Dissolved ng/L 3.39 2.10 148 11.0 .1 .96
organic
carbon
Cadmium? uvg/L .6 .7 158 6 0 3
Copper 2 wg/L 2.9 3.5 158 31 0 3.9
Lead? ug/L 3.7 4.3 72 29 0 3.4
Zinc2 ng /L 18 45 161 500 0 8.5

lMeans reported to one additional significant figure than can be measured
to avoid rounding error in statistical tests.

2phese data have been questioned. Analyses by Vance Kennedy (U.8. Geological
Survey, oral commun., 1976) suggest these values may be high by factors of 2 to
10. See more complete explanation on p. 36.

!
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The heavy metals, including aluminum and iron, take part in many chemical
and biological reactions, many of which are poorly understood and generally
unquantifiable. Hence, their concentrations in natural water may not be good
indicators of perturbations imposed by man and nature, except where such
disturbances are sufficient to overpower natural constraints provided by such
processes as  adsorption, ion exchange, and chemical precipitation
(C. E. Roberson, U.S. Geological Survey, written commun., 1976).

Synoptic Studies During Stormflow

Streams were studied at synoptic stations (table 2) in the Redwood Creek
drainage basin simultaneously during eight storms--November 7-9, 1973,
January 11-13, February 20-22, March 1-3, November 6-8, and November 20-22,
1974, and February 5-9 and February 12-14, 1975. About 360 mm of rain was
recorded from two storms prior to the first storm studied on November 7-9,
1973. No substantial storms occurred in December 1973, so no studies were
made.

The first storm studied in 1974, November 6-8, was preceded by only about
80 mm of rain. The second storm studied was the next storm to arrive.
December 1974 and January 1975 were relatively dry months. Rainfall in
February and March 1975 was intense, but only two February storms were
studied.

Chemograph»synoptics

The 'chemograph" is defined here as the time series of water-quality
measurements during periods of storm runoff.

Detailed studies of the chemograph of several chemical constituents were
made at station 11482225 Harry Wier Creek near Orick (HW) (land-use type VL,
regolith type Mx) and at station 11482468 Little Lost Man Creek at Site No. 2
near Orick (LLM) (land-use type VF, regolith type Sn) (see p. 20, 21). The
purpose of this study was to compare and contrast the chemical characteristics
of storm-associated flow from a heavily logged (HW) watershed with that from a
virgin forested (LLM) watershed.

The first such study was made during the storm of November 6-8, 1974,
which was the second storm of the rainy season. The first storm of the rainy
season that passed through the area October 27-29, caused 76.0 mm of rain at
the Prairie Creek State Park recording gage. By November 7, discharge in the
two streams had returned to levels preceding the October storm. The storm of
November 6-8 caused 25 mm of rain in one day, and a hydrograph of water
discharge showed an easily identifiable rise, peak, and recession in both
streams.
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The second storm gstudied was February 5-9, 1975. Since October 1974,
839 mm of rainfall had been recorded at prairie Creek State park. A storm on
February 1-5 caused 89 mm of rain. Meagurements were made beginning
February 5 because weather forecasts predicted a major storm would begin
sometime that day. This storm did not materialize, and daily rainfalls for
February 5 through February 8 were 11 mm, 13 mm, a trace, and 8 mm. Finally,
34 mm of rain fell February 8-9. The bulk of the samples taken during the
study were in the period February 8-9. Hydrographs with identifiable rises,
peaks, and recessions were obtained at both gtations during this period.

water discharge and concentrations of major constituents at the two
stations during the synoptic gtudy of November 6-8, 1974, are shown in
figure 4. The peak discharge per unit area in H¥ is higher and occurs earlier
than in LLM, suggesting that a larger fraction of runoff occurs as overland
£low in HW than in LIM. The difference in peak discharge per unit area, and
the time of the peak, may be partly due to differences in slope and land
cover. The storm covered a broad area and dropped comparable amounts of
precipitation on both waterxsheds. pifferences in peak discharge per unit area
(almost 3 times larger in HW than LLM) cannot be attributed to small
differences in either total rainfall or short-term intensity. Likewise, the
differences in timing of the two peak discharges (nearly 6 hours later in LLM
than HW) cannot be attributed to differences in the timing of precipitation
(Janda and others, 1975b; K. M. Nolan, U.S. Geol. Survey, oral commun., 1978) .

| | |
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FIGURE 4 .~--Selected water-quality data from the synoptic study of
November 6-8, 1974, Harry Wier Creek and Little Lost Man Creek
at Site No. 2. No data for first day of synoptic, November 6.
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The concentrations of the major constituents are higher and more variable
with discharge in HW than those in LLM. This suggests that the rate of rock
weathering to constituents soluble in water is greater in HW. These soluble
constituents were probably produced by weathering during the dry season and
were easily dissolved in the early rains. The magnesium, sodium, and
potassium 1ines are shown only for LIM. These are slight put measurable
differences between the lines for LIM and HW but at the scale of the figure,
the differences cannot be resolved by eye.

The concentrations of calcium, bicarbonate, and sulfate in HW all
decrease steadily on the rise of the hydrograph, reach minima at or near peak
discharge, and increase steadily on the recession. This suggests that as
discharge increases, an increasing fraction of that discharge comes from
overland flow, which has had 1ittle contact with the soil and thus contains
less dissolved golids than water from other sources. By contrast, data from
LLM show no discharge-related variations, suggesting that overland flow is not
a major fraction of the discharge.

The concentrations of sodium and chloride are nearly equal to each other
and are alike in both watersheds. Although the percentage chloride values as
shown are different in the two watersheds, the chloride concentrations are
approximately equal. This suggests that the source of chlorides is not rock
weathering, which would have produced different concentrations in the two
watersheds, as the dissolved-solids concentrations are different, but rather
ig sea salt either occurring as dry fallout during the summer OY accompanying
the rain. The latter situation probably is not the case, however. If the
chloride had been supplied at a constant concentration in rainfall, the time
series of percentage chloride should have been the inverse of the time series
for dissolved-solids concentration. There is only slight evidence of an
inverse relationship in both HW and LLM. Hence, the sodium and chloride in
the runoff of the November 6-8, 1974, storm had probably accumulated in the
gsoil through the summer from salt spray and fog drip.

il

The water discharge and concentrations of major constituents during the
period February 8-9 of the study of February 5-9, 1975, are shown in figure 5.
Potassium values are not shown becausé they are uniformly less than 1.0 mg/L
and do not show variations "at this scale. Magnesium and sulfate
concentrations are shown only for LLM because the values for HW are virtually
jdentical.
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~ streamflow prior to the February 5-9, 1975, storm  was two
orders-of-magnitude higher than the streamflow prior to the November storm, SO
that the hydrograph of the storm discharge was guperimposed on a much larger
bage flow in February than in November. The heavy rain on February 8-9
generated hydrographs with easily discerned rise, peak, and recession
portions. AS in the November synoptic study, the peak streamflow per unit
area was greater and occurred earlier in HW than in LILM, suggesting that a
greater fraction of the runoff in HW was overland flow. Again, differences
between watersheds in the peak discharge and in the time of the peak cannot be
attributed to differences in total rainfall or the timing of rainfall (Janda
and others, 1975b) .

In the February study, the dissolved-solids concentrations in HW and LLM
were nearly alike; in the November study, dissolved-solids concentration in HW
was much higher than in LLM. Concentrations in both streams are substantially
lower in February than in November, pbut more so in HW than LLM. The general
decrease 1in digsolved solids is probably due to higher discharges; that is,
more water is present in both watersheds in February to dilute the soluble
material available. The differences in the magnitude of the decreases between
HW and LLM suggest that in November more soluble material was available for
digsolution in HW than in LIM. BY the February storm, however, processes
supplying soluble material were, apparently, operating alike in the two
watersheds, as concentrations of individual constituents (except chloride,
discussed later) are alike.

The bicarbonate and dissolved-solids concentrations in HW decreased
glightly on the rise of the hydrograph, reached minima at or near the peak,
and increased slightly on the recegsion, guggesting, as in the November storm,
that overland flow was an important component of discharge. In LLM, however,
the peak bicarbonate concentration coincided with peak discharge, suggesting
that much of the water constituting the peak discharge is not overland flow,
but is quick-return flow or water that enters the surface soil briefly and
reemerges, thereby picking up more soluble salts than overland flow (Kennedy
and Malcolm, 1978). This conclusion is supported by the relative shape of the
two hydrographs, with LLM experiencing slower rise, lower peak, and more
sustained recession than HW. '

In HW, the percentage of chloride seems tO rise steadily through the
discharge peak, then decrease through the recession. In LLM, the percentage
of chloride also decreases on the recession. In both streams, bicarbonate and
dissolved-solids concentrations increase on the recession. This combination
of observations suggests that, after the peak, an increasing fraction of the
runoff is quick-return flow that contains higher concentrations of dissolved
solids, except chloride. The chloride may be coming in primarily in rain,
with little being added from the soil.

Table of Contents




e

{ Table of Contents
j RESULTS 37
o : The percentage of chloride was higher in both watersheds in February than
° j in November. In November the chloride concentrations were alike at both
:r i stations, but in February chloride was higher at LLM. It was suggested
:9 previously, that chloride salts accumulated during the summer were the
n 1 dominant source of chloride in November, but rainfall was the dominant source
o : in February. The LLM station may have had higher chloride concentrations in
ﬁ ‘ February because it was closer to the ocean and received more salt spray
" f during the storm than did HW.
;: j Changes in major-ion composition at HW and LLM between November 1974 and
i February 1975 are shown in figure 6. From November to February, although
calcium and bicarbonate continued to be important quantitatively, there was a
M general shift toward a sodium chloride type water at the expense of calcium
M and sulfate in HW and at the expense of calcium, bicarbonate, and sulfate in
LIM. LIM tended to be more of a sodium chloride type water than HW in both
;{ | November and February, but probably for different reasons. In November, both
! watersheds probably had accumulated roughly equal amounts of chloride salts
; per unit area. The first runoff of the rainy season would be expected to
n contain nearly equal concentrations of sodium and chloride in the two
;r ; watersheds (as was seen), but because of higher concentrations of other salts
s ; the water at HW was less a sodium chloride type than the water at LLM. By
;o g February, the soluble material excess in HW over that in LLM that had been
, @ seen in November was gone. The processes supplying soluble solids in both
o : watersheds were operating about alike. But chloride in rain . continued to .
| appear in the runoff, thus causing a shift toward a sodium chloride type
d f water. The chloride concentration in February was higher at LLM than at HW,
; | probably because LLM is closer to the ocean. Thus, in February also, LLM
d ] water seems to have been more a sodium chloride type than HW water.
;é “% The other data collected during these chemograph studies showed very
. : erratic behavior with time. This may be due partly to methods of treatment
1& é and analysis and partly to natural processes not yet understood. Neverthe-
1y : less, treating these data by time-series offered no benefit to interpretation.
:: ] The sign test (Conover, 1971, p. 121), a nonparametric test, was used to
' i determine whether sets of water-quality measurements made in the two streams
1 during two separate storms had the same median values.
;z N The data were collected at approximately the same positions on the
d o discharge hydrographs at each station and during each storm. This collection
n procedure formed a natural basis for pairing the observations of each
e i parameter between storms in the same watershed and between watersheds in the
2d ; same storm.
b As required in performing the test, data for each constituent collected

in sequence at each station during the same storm were paired; the set having
; the larger median was put in the right-hand column. Ties were discarded. A
j Plus (+) sign was assigned to each pair if the value on the right was larger
and a minus (-) sign was assigned if the value on the right was smaller. The

Procedure was repeated for each parameter and for data collected at the same
L station in different storms.
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The test is one-tailed. The Null Hypothesis is stated: The median of
the set in the left column is greater than or equal to the median of the set
in the right column. The alternative hypothesis is: The median of the set in
! the left column is less than the median of the set in the right column. The
i test statistic is the number of plus (+) signs. The critical region for
y rejecting the Null Hypothesis at a 95-percent confidence level is given by the
binomial distribution with expectation (p) 0.05, the number of observations
(n) equal to the number of untied pairs, and the confidence level (a) 1less
than or equal to 0.05.

The medians and ranges of other data collected at each station and each
storm, together with the results of applying the sign test as described are
shown in table 5. Medians for the two watersheds are compared at each date
! from left-to-right, and medians for the two dates are compared in each
watershed from top-to-bottom.

:, The reader should note that the left and right columns of paired data
! ! used to perform the test described above do not correspond to left and right
P i columns in table 5. An asterisk (*) in table 5 means that the hypothesis that
1 | the medians being compared are the same must be rejected at the 95-percent
| confidence level. A minus (-) means the hypothesis must be accepted.

? j Median cadmium, copper, and 1lead concentrations are alike in both
ﬁ ; watersheds during both storms. Median zinc concentrations were significantly
4 E lower in February than in November. In November, zinc was significantly lower
i : in LLM than in HW. These concentrations are probably erroneously high (see
H footnote, table 4), and further discussion of these metals is not warranted.

j Median silica concentration increased significantly between November and
4 } February in both HW and LLM. Silica concentration is significantly higher in
3 ; LLM than HW. The difference may reflect the differences in fraction of the
}} 3 runoff that,is overland rather than quick-return flow. In LLM, more of the
- discharge is probably quick-return flow that would be expected to contain
4 i higher silica concentrations than overland flow because of greater contact
i & time with the soil and contact with a greater thickness of the soil column

! with resulting greater opportunity to entrain available silica molecules.

Median aluminum concentrations increased significantly between the
November and the February synoptic study in both watersheds. This increase
g may be caused by increased erosion of soils and rocks resulting in increased
i g dissolution of primary alumino silicate materials. The iron concentrations do

i not show the same pattern as aluminum, even though both probably come from the
same sources. This suggests that secondary processes such as iron
precipitation or sorption in the soil profile may influence the iron
concentration.
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from each.

except cadmium, COpPper, leéd,

k (*) indicates that the sign
t a 95 percent Or greater

11 Hypothesis]

confidence level. Minus (~) means accept the Nu
Harry Wier Creek Little Lost Man Creek gign test
Constituent (HW) ' result
and comparing
£ . .
date of study Median Range Median Range HW and LLM
data sets

gilica
Nov. 6-8, 1974 4.94
Feb. 5-9, 1975 6.08
gign test *

Aluminum

Nov. 6-8, 1974 7.5
Feb. 5-9, 1975 . 44
Sign test1 *

Iron
Nov. 6-8, 1974 27

Feb. 5-9, 1975 30
Sign test!

Nitrate
Nov. 6-8, 1974
Feb. 5-9, 1975
sign test

.025
.145

Ammonia nitrogen
Nov. 6-8, 1974
Feb. 5-9, 1975

Sign testh

.018
.007

Kjeldahl nitrogen
Nov. 6-8, 1974
Feb. 5-9, 1975

gign test

.222

.123
*

gsee footnote at end of table.

0-30
30-70

10-60.
10-80

0.01-0.04

- 0.00-0.06

0.00-0.35
0.05-0.25

19 |
39

28
28

.095
.018

.019
.008

.180
.125

10-70
10-80

0.03-0.38
0.00-0.16

0.01~0.04
0.00-0.04
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TABLE 5.--Medians and ranges of minor-constituent data from the chemograph
synoptic studies and results of the sign test on paired data from each
.8synoptic and station--Continued

Harry Wier Creek Little Lost Man Creek Sign test
(LLM) result
comparing
\ . HW and LIM
Media Ra Med
n nge edian Range data sets
Dissolved total phosphorus
Nov. 6-8, 1974 0.055 0.02-0.08 0.029 0.02-0.06 -
Feb. 5-9, 1975 . .018 0.00~0.04 .009 0.00-0.04 -
Sign test! * *
Chemical oxygen demand
Nov. 6-8, 1974 11.5 4-22 7 0-27 -
Feb. 5-9, 1975 7.0 0-12 8. 2-10 -
Sign test! * -
Dissolved organic carbon
Nov. 6-8, 1974 4.6 0-7 6. 4-11 -
Feb. 5-9, 1975 4.6 2-7 3. 2~9 -
Sign test! - *
Cadmium
Nov. 6-8, 1974 1.2 0~2 1. 0-2 -
Feb. 5-9, 1975 1.4 0-3 1. 0-3 -
Sign test! - -
Copper
Nov. 6-8, -1974 1.5 0-5 1. 1-4 -
Feb. 5-9, 1975 1.8 1-3 1. 0-4 -
Sign test! - -
Lead '
Nov. 6-8, 1974 3.1 0~29 5 0-16 -
Feb. 5-9, 1975 1.8 0-10 2. 0-6 -
Sign test! - -
Zinc _
Nov. 6-8, 1974 28 10-500 13 0-260 *
Feb. 5-9, 1975 7.5 0-30 11 0-30 -
Sign test! * -

1Sign test result comparing data sets collected on November 6-8, 1974,

and February 5-9, 1975.
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Median ammonia, Kjeldahl nitrogen, and phosphorus concentrations
generally decreased between the November and February storms, but concentra~
tions in the two watersheds were similar in each storm. Phosphorus decreased
by about a factor of 3, and ammonia nitrogen decreased by about a factor of 2.
Kjeldahl nitrogen decreased by a factor of about 2 in HW and not significantly
in LLM. These decreases suggest a washout and dilution as the rainy season
progresses.

Median nitrate concentrations are not significantly different between HW
and LLM in November, but a large significant increase in HW and a large
decrease in LLM between November and February results in a large difference
between the watersheds in February. This result agrees with Likens' and
others' (1969) concept that large trees take up considerable amounts of
nitrate. When the trees are removed, the reduction in nitrate uptake leads to
a nitrate excess in the watershed, which is available to enter surface runoff
and base flow.

Other synoptic studies during stormflow

As stated before, synoptic field measurements of water quality were made
at one station on the main stem (11482200) and at eight stations on tribu-
taries of Redwood Creek during eight storms (table 2). Two other main-stem
stations (11482220 and 11482500) were visited only once during synoptic
studies 5 through 8 (November 6-8, 1974, through February 12-14, 1975).

The time series of the synoptic field measurements proved to be of little
value and are not presented here. Alkalinity and specific conductance values
occurring in the rise, peak, and recession portions of the hydrographs were
evaluated, however. Values for these segments are shown in table 6. The
storms of February 28 to March 3, 1974, and of February 5-9, 1975, resulted in
hydrographs with poorly defined rise, peak, and recession portions at all
stations and are excluded from this analysis.

on the right half of table 6, symbols represent the position of each
value relative to the middle value of the measurements at rise, peak, and
recession. The middle is always shown with a zero. Likewise, two equal
values are both represented by zeros. Alkalinity values are considered equal
if they are within 1.5 units of each other, and gpecific conductance values
are considered equal if they are within 3 units of each other. Both limits

- are judgments based on sensitivity of the measurements. Blanks mean no data.
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Examination of the alkalinity and specific-conductance symbols (table 6)
shows a preponderance of minus signs (indicating values below the median of
the three measurements) at the hydrograph peaks in all the VL-type (logged)
watersheds--Harry Wier Creek, Miller Creek, and Miller Creek at Mouth.
Furthermore, in 18 alkalinity and in 17 specific-conductance measurements at
the peak discharge in the VL-type watersheds, no plus sign occurred. The
probability of various combinations of plus and minus signs occurring at the
discharge peak is given by the binomial distribution for n non-zero signs.
Considering alkalinity in VL-type watersheds, n = 15, all are minus signs.
From a table of the binomial distribution (Conover, 1971, table 3) one can
see that if plus and minus signs occurred with equal expectation (p = 0.50),
in 15 trys, between 3 and 11 plus signs would occur with a 95 percent or
greater confidence level. Since no plus signs occurred, it may be concluded
that the expectation of plus and minus signs are not equal. TIndeed, the
expectation of a plus sign occurring is p = 0.20 at a 95 percent or dgreater

confidence level. Considering specific conductance in VL-2-type watersheds,
n = l4, again all are minus signs. The conclusion regarding equal exXpectation
is the same. 1In this case p = 0.20 at a 95 percent or greater confidence
level.

By contrast, VF- and RF-type watersheds (Hayes, Lost Man, Little Lost
Man, and Geneva Creeks) show a preponderence of zero signs and small but
approximately equal numbers of plus and minus signs at the peak for both
alkalinity and specific conductance. This suggests that, in most cases,
concentrations in VF- and RF-type watersheds at the peak discharge are not
significantly or consistently diluted by overland flow.

It may be concluded that dilution at the discharge peak, due probably to
overland flow, has a two to three times higher expectation in logged water-
sheds than in forested watersheds.

Peak discharge in virgin forested and regrown watersheds is probably
dominated by quick-return flow (Kennedy and Malcolm, 1978), which could
contain more dissolved solids than would overland flow; peak discharge in
logged watersheds is strongly influenced by overland flow. This supposition
is supported by the observation that the time of peak discharge in virgin
forested (VF) or regrown (RF) watersheds lags behind that in logged watersheds
by as much as several hours in November storms (Janda and others, 1975a,
p. 6-20). This lag is probably due to a longer residence time of precipita-
tion in forested watersheds than recently logged watersheds.

The difference in the lag time of peak discharge (that is, the time
between precipitation and peak discharge between watershed types decreases
from several hours in November to several minutes in February (Janda and
others, 1975, p. 6-20). This change may occur because as the soil becomes
saturated it is less able to soak up new precipitation. Thus, overland flow
should predominate in peak discharge in all watershed types late in the rainy
season. In table 6, plus signs at the discharge peak occur only in VF and RF
watersheds and only in the two storms studied in November 1974. This suggests
that quick-return flow was an important part of peak discharge only in VF- and
RF-type watersheds and early in the rainy season.
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The frequency distributions and measures of distribution of the data
obtained at each storm and station were also evaluated by grouping the data
into classes and plotting the distributions on histograms. In the discussion
that follows, the range is given from the low end of the lowest class to the
high end of the highest class occupied in the grouped data, including all the
data from all synoptic studies at all stations. The medians of measurements
are given for each synoptic study at each station. General procedures are
described in Sokal and Rohlf (1969). The sizes of class intervals are as
follows: temperature, 0.5°C; dissolved oxygen saturation, 2 percent; PH,
0.2 units; alkalinity, 1 mg/L; specific conductance, 5 pmho/cm at 25°C. :

Temperatures measured'at all stations on all synoptic studies ranged from
5.0° to 13.5°C. Median temperatures measured during each synoptic study at
each station ranged from 6.5° to 12.6°C; the highest values were in November,

and the lowest were in January.

pPercent saturation of dissolved oxygen measured at all stations on all
synoptic studies ranged from 80 to 106. The median values of measurements
made during each synoptic study at each station ranged from 85 to 103 percent,
with most median values being in the range 90 to 100 percent. This high level
of saturation is expected because of turbulence in the streams during high
discharge.

The time series of median temperature and dissolved-oxygen concentration
measured during each synoptic study at each station showed no systematic
differences .between watersheds. The time series of median alkalinity,
specific conductance, and pH (fig. 7) showed some features of interest,
however .

Alkalinity values measured at all stations on all synoptic studies ranged
from 7 to 94 mg/L, and median values of measurements at each synoptic study at
each station ranged from 10 to 80 mg/L, with the highest median values
occurring early in the rainy season at the main-stem stations. During the
1974-75 rainy season, the range of median values decreased sharply with time.
By February, median alkalinity values at the main stem and Harry Wier Creek
gites decreased to less than half their November values. This pattern was not
apparent in 1973-74, probably because the earliest storms in October 1973 were
not studied, and the highest median values are expected in the earliest
storms.

Medians of alkalinity measurements made during each synoptic study at the
main-stem stations are consistently higher than the median alkalinity values
in the tributaries, suggesting that the major load of alkalinity-producing
dissolved solids enters the main stem upstream of the park. Geneva Creek
consistently shows the lowest median alkalinity values. Median alkalinity
values in Harry Wier Creek (VL-type) are nearly always higher than those of
the other tributaries.
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Specific conductance values measured at all stations on all synoptic
studies ranged from 30 to 300 Mmho.  Median specific conductance values
measured during each synoptic study at each station ranged from 37 to
258 pmho, with the highest values occurring early in the rainy season at
main-stem stations. Through the rainy season of 1974-75, median
specific-conductance values decreased sharply; the main-stem median
specific-conductance values reached about one-third their November values by
February. Again, this pattern is not apparent in the previous winter,
probably because the earliest storms of 1973 were not studied. Median
specific-conductance values in the main stem are consistently higher than in
the tributaries, again suggesting that the major load of dissolved solids
enters the main stem upstream from the park. Lost Man Creek has the lowest
specific-conductance values except in the first two synoptic studies of the
1974-75 rainy season. The median specific-conductance values of Hayes Creek
(VF-type) are consistently higher than those of the other tributaries, higher
even than those of Harry Wier Creek (VL-type).

The range of pH values measured at all stations on all synoptic studies
was from 5.4 to 8.6. Median PH values measured during each synoptic study at
each station ranged from 6.1 to 7.9. The range in median.values narrowed from
November to February and March in both years, with both the initially high~pH
streams decreasing and the initially low-pH streams increasing. There are
almost no consistent trends maintained in these data over the entire period of
synoptic studies, but Geneva Creek shows a consistent tendency to have lower
median pH values than the other streams. Lost Man and Little Lost Man Creeks
are also generally lower in pH than the other streams, but not consistently
lower.

The significance of differences in water quality during storms between
watersheds of different land use was evaluated by grouping the data from each
synoptic study according to common land-use type and calendar quarter (first
qQuarter January through March, second quarter April through June, etc.).

Differences between individual watersheds within a given land-use type
and within a given quarter of the year (within-set differences) are not part
of this analysis, but some differences are noteworthy based on inspection of
the histograms developed from the data. The frequency distributions of
specific-conductance values in Hayes and Little Lost Man Creeks (both VF-type)
were different in all four quarters; the medians for Hayes Creek were always
larger. Major within-set differences also occurred in the fourth quarter 1974
when the data came from the first two storms of the rainy season. This was a
period of rapid change in water quality. Alkalinity values in RF- and VL-type
streams varied widely. Further, the medians of the sets of specific~
conductance values for Harry Wier Creek were higher than the medians for
Miller Creek and Miller Créek at Mouth (VL-type watersheds).
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The common statistical measures of the combined gsets of synoptic study

data are 1igted in table 7. calculations were made from data grouped by class
interval. calculated values are ghown to oneé additional significant figure to
avoid rounding error in subsequent gtatistical hypothesis testing. NO mean O

i i alculated for sets of less than 10 values pecause the

gtandard deviation 18 C
sampling error of the mean and gtandard deviation are unduly large given only
10 values. The median and mean values are generally close to each other,

indicating that wmost of the gets are S

student t-test of the arithmetic mea
differences between gsets. The gtandard deviations of most S€
relative to the means, except for alkalinity and specific conductance in the

fourth quarter 1974.

tg are small

The mean of each data get for the RF- and vL-type watersheds and the

d to the corresponding mean for the VE-type watersheds.

main stem was compare
according to the gtudent t~test, are

The differences and their significanceé,
shown in table 8.

Mean alkalinity and pH vary in the same direction. Alkalinity and pH are
mostly higher in VL-type watersheds than in VE-type watersheds, guggesting @
faster rate of weathering of the regolith in VL-type watersheds. Alkalinity
and PpH tend to be lower in RE-type watersheds than in yF-type watersheds.
This difference may pe due to different regoliths rather than different land

uses, but lack of data prevents further analysis.

Mean temperatures in RF-, VL=, and MS-type gtreams are significantly
higher than in the VF-type streams in the fourth quarter of each year but are
significantly lower in the first quarter of each year- This suggests @

puffering of the VF-type streams against extremes of heat and cold. The

amount ©of golar energy reaching the goil surface and the amount of energy
radiating pack to space would be expected to be greater in logged areas than
in VF-type watersheds. 1f this is true, gtreams draining logged watersheds
ghould be warmer in gummer and colder in winter than streams draining yF-type
watersheds. The pattern in observed temperatures is compatible with this

picture.
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‘There is clear evidence that the main stem has significantly higher
alkalinity and specific-conductance values than the VF streams, suggesting
that the major dissolved-solids inputs to Redwood Creek occur upstream of the
park.

Mean specific-conductance values are always significantly lower in
RF-type streams than in the VF streams, and are generally lower in the VL-type
streams than in the VF streams. Lower mean values in VL-type streams may be
due to a greater fraction of the runoff in these streams being from overland
flow. Lower mean values in RF-type streams suggest a lower rate of regolith
weathering than in VF streams.

Dissolved-oxygen saturation values show no particular pattern between
watershed types. Dissolved oxygen is probably a function of turbulence and
cascading in the stream channel. BAs all the streams studied are steep and
rough in the main channel during high flow, this lack of a pattern is not
surprising.

Diel Studies at Low Flow

Studies of the wvariations in alkalinity, specific conductance, pH,
temperature, and dissolved oxygen over a diel period were made at several
stations three times during the sampling program. :

Changes in alkalinity and specific conductance can result from changes in
the composition of the water due to photosynthesis and respiration. The pH
and dissolved-oxygen changes parallel one another and are caused by photo-
synthesis in the daytime and respiration at night. Temperature changes are
caused by solar heating and nighttime cooling.

The three main-stem stations studied--Redwood Creek at South Park
Boundary (11482200), Redwood Creek above Harry Wier Creek (11482220), and ;
Redwood Creek at Orick (11482500)--were fully exposed to sunlight. Little
Lost Man Creek (11482470) was fully exposed, Little Lost Man Creek at Site
No. 2 (11482468) was partially exposed, and Lost Man Creek (11482450) was in
nearly full shade. Of the VL-type tributaries studied, Harry Wier Creek
(11482225) and Miller Creek at Mouth (11482260) were also in nearly full
shade. Miller Creek (11482250) was partially exposed.

R e " s e




included in this calculation,

Instrument

malfunction was suspected at Miller

Creek at mouth.
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TABLE 7.--Statistical summary of field-measurement data freynoptic
[Means and standard deviations calculated from data grouped élass as
conductance, 5 micromhos per centimeter at 25°C; pH, 0.2 units‘hemperati
Fourth guarter 1973 First quarter 1974 }T’ Fo:
; Constituent and stan-  umber T"ﬂ—ﬂ———_
i - a
vl land-use type Median Range! Mean dar@ of Median Rangel Mean gar. _ of I .
4 devia~ .ioles evia sampleMedlan
(58 ' tion P tion i
e ——
L_'______
Alkalinity, in
‘milligrams per
litex
Control streams ; )
RF streams 13i-8
VL streams ;31°4
Main stem ‘170.0
gspecific conductance, ;
in micromhos
at 25°C
Control streams 48.8 40-65 50.3 7.3 16 52.9 40-90 53.4 8.6 100 )
RF gtreams 42.9  30-55 43,1 5.4 16 42.6  20-55 41.7 5.1 94 783- ’
VL streams ag.6  35-85 2.z 11.2 58 40.2  30-75 51.9 7.8 172 93.
Main stem 71.6  65-85 - - 6 22.2  65-85 73.0 4.4 19 ‘*2841%'%
pH
Control streams 6.95 6.8-7.6 - - 3 7.00 5.8-7.8 6.92 .40 64 7 38
RF streams 6.16 5.6-7.0 6.17 41 13 7.05 5.8-7.6 6.90 .36 . 71 6.82
vL streams 7.14 7.0-7.4 7.11 11 40 7.07 6.2-7.6 7.04 .25 97 7'4é
Main stem 6.50 6.2-8.2 - - 3 6.90 6.8-7.0 - - 8 7.7(;31
Temperature, in ‘
degrees Celsius
Control streams 11.3 11.0-12.0 11.1 ) 18 8.3 6.5-9.5 7.9 .6 103 ¥ 9.7 
RF streams 11.9 11.0-13.5 11.7 4 29 7.5 5.0-10.0 7.3 1.0 98 "10.11
VI streams 12.3 11.5-13.0 12.0 .2 56 8.0 6.0-9.5 7.7 7 159 9.8
Main stem 12.6 12.0-13.0 = - 6 7.6 6.0-8.5 7.2 .7 19 | 11.1
|
Dissolved oxygen,
in percent |
saturation
Control streams 06.7 88-102 95.9 3.3 16 97.0 84-104 95.8 3.9 57 % 93.9
RF streams 96.6  88-102 95.6 2.9 16 96.2  84-104 95.1 4.0 50 | 88.1
VL streams 99.8 98~102 99.4 1.2 17 98.3 92-104 97.9 2.1 73 i 95
Main stem 99.0 96-100 - - 3 97 .5 92-100 - - 95
lThe range is the low end of the lowest class to the high end of the highest class.
2geven pH values taken November 6-8, 1974, at Miller Creek at Mouth are much lower than val¥f qet
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data fri;ynoptic studies, grouped by calendar quarter and land-use type
grouped milass as follows: alkalinity, 1 milligram per liter; specific
0.2 unitgemperature, 0.5°C; dissolved oxygen saturation, 2 percent]
|
Fourth quarter 1974 First quarter 1975
itag— Number ::ig- Number
Rz:mge1 Mean 93%C of Median Range1 Mean . of
devia~ moles devia- samples
tion samp-.e tion b
2
3 20-38 26.9 5.4 67 12.7 9-17 13.0 L.3 7
4 23 f 24,8 11-41 25,0 9.6 50 12.4 9-14 11.7 1.2 52
6 11 31.4 17-52 = 32.5 8.1. 62 14.3 10-18 13.7 1.4 65
70.0 54-94  72.1 10.7 12 26.9 13-47 28,0 7.1 18
6 100
1 94 78,2 60-200 102.6 38.2 103 72.7 30-90 6l.2 18.9 156
3 172 93.8 60-150 87.4 16.8 81 41.2 30-65 42,6 6.8 152
4 19 89.9 60~150 100.1 22.6 105 45.8 30-90 47.2 7.2 131
243,0 210~300 245.2 19.5 22 69.9 60~-85 70.0 6.1 47
10 64 :
36 71 7.38 6.4-8.6 7.36 .43 74 7.0L 6.4-7.6 7.05 .23 125
)5 ' 97 6.82 6.2-7.2 6.62 .20 50 7.19 6.4-7.6 7.06 .22 81
8 7.48 6.8-8.0 7.35 .21 256 7.16 6.0-7.8 7.14 .27 84
7.70 7.0-8.4 7.56 .37 11 7.04 6.2-8.0 7.04 .37 18
103 § 9.7 g,0-11.5 9.32 1.0 97 9.2 7.5-10.5 9.2 .6 154
' 98 10,1 8.0~12.0 10.1 .8 77 8.6 6.5-10-1 8.7 .9 le6
159 9.8 8.0-12.5 9.6 .7 108 9.6 7.5-11.1 9.1 .8 129
19 11.1 9.0-12.5 10.6 .9 24 8.2 6.0-10.5 7.9 .9 42
gg 93.9 84-104 93.4 3.7 31 97.5 92-102 96.5 2.4 48
88.1 80-96 87.2 3.8 32 96.9 88~104 96.4 2.6 46
7; 95.2 84-100 93,5 3.2 50 97.6 84-104 96.3 3.1 48
95,0 86-100 93.2 3.7 10 99.2 90-106 98.9 3.7 19
than valu . .
outh H determined simultaneously at Miller and Harry Wier Creeks and are not
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TABLE g.--Results of comparing the means of field measurements from streams of
common land-usée type with means of field measurements from VF streams

[The gtudent r-test 1is used to test a Null Hypothesis that the means being
compared are equal. Rejection of the Null Hypothesis with level of confidence
o in a one-tailed test implies that the difference shown (plus oY minus) is
significant at that confidence'level. No data in the o column indicate
acceptance of the Null Hypothesis. N means no test was performed due to
insufficient sample size. relation of gubject mean to the mean for VF streams
shown by *+i greater than; ~r {ess than; 0, 1O differencel

gpecif ic Dissolved
Land- Alkalinity conductance - pemperature oxygen
period use (mg /1) {umho p P (percent
type at 25°C) ) saturation)

e

Mean o Mean O

Fourth quarter: RF 0 N N
1973 VL + N + N
MS + N + N - N + N + N
First quarter. RF - 0.99 - .99 - - .99 -
1974 VL + - + 0.95 - .95 + .99
MS + .99 + .99 - N - .99 0 N
Fourth quartexr, RF - - .99 - .99 + .99 - .99
1974 VL + .99 - 0 + .95 0
MS + .99 - .99 + + .99 0
First quarter, RF - - .99 0 - .99 0
1975 VL + .99 - .99 + .95 0 -
+ .99 0 - .99 + .95
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Generally, the diel studies showed that photosynthesis and respiration
are strongly dependent on the degree of exposure of the water surface to
sunlight. The main-stem stations and Little Lost Man Creek show wide changes
in temperature, dissolved oxygen, and, to a lesser extent, pH. Maximum ranges
j observed in the main-stem stations were 8.0°C, 40 percent of dissolved oxygen
e saturation, and 0.6 pH units. The fully sheltered stations show only slight
changes over a diel period. On the basis of data collected, water-quality
changes over diel periods do not appear to be related to the extent of logging |
in the watersheds.

Results of Studies of Seasonal Variations

The regular data were studied using several methods. Measurements with a
strong long-term time-dependent component were treated with time-series
methods. The major~ion composition was studied using trilinear diagrams and
regressions of dissolved solids against specific conductance. The minor
constituents were analyzed by determining measures of the data sets.

Time-series analysis

Specific conductance, temperature, and alkalinity variations are strong-
ly time dependent and thus are shown plotted against time of observation
(figs. 8 through 11). The data sets used consist of all the regular
observations and the medians at each site from each synoptic and diel study.

The time series of data from VF-, RF-, and VL-type watersheds are shown
in figure 8. Envelopes for each variable overlap considerably for VF- and
RF-type watersheds; the envelopes for specific conductance and alkalinity in
VL-type watersheds have a greater range, and values tend to be higher during
the summer dry season. This difference between VL and the other types of
watersheds suggests that logging accelerates normal weathering processes or
initiates new processes altogether, leading to greater ranges of observed
values at low flow in cutover watersheds. But the effect is apparently not
uniform among VL-type watersheds; otherwise, the lower limit of the VL~-type
envelope would have shifted upward as did the upper limit.
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FIGURE 8.—-Specific—conductance, water—temperature, and alkalinity
values for VF-, RF-, and VL-type watersheds.
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FIGURE 8.--Continued.
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The time series of measurements at the main-stem stations above and below
Harry Wier Creek, which approximately separates water of upstream origin from
water affected by in-park tributary inflow, are shown in figure 9. Water from
upstream and water within the park are alike, by this analysis, during the
winter months when alkalinity, specific conductance, and temperature are all
at minimum values, but water in the two areas differs considerably during the
dry season. Main-stem water above the park is warmer and more alkaline and
has a higher specific conductance than main-stem water within the park,
indicating that the main-stem water is diluted and cooled as it passes through
the park, presumably from tributary inflow, influences of the marine climate
and shading.

Higher alkalinity and specific-conductance values upstream than
downstream during the dry season suggest that the drainage basin upstream from
the park is weathering faster than tributary watersheds within the park.
Faster weathering may be partly related to slight differences in regoliths, or
also to the intensity of logging activity (the drainage basin upstream of
station 11482220 was 65 percent cutover as of 1973, table 2). It may also be
related to exposure of the soil to the elements. According to Janda and
others (1975a) vegetation in the upper basin grades upstream to prairie and
sparse Douglas-fir, in contrast to the downstream part which, in its pristine
state, 1is covered by dense stands of redwood, Douglas-fir, and heavy
undergrowth. :

The regular data provide an opportunity to examine the effect of
differences in regolith on water quality within watersheds of common land-use

type.

The time series of data from all VF-type watersheds were plotted in the
same way, but no differences in values related to regolith differences were
found.

Results of an analysis of data from all VL-type watersheds are shown in
figure 10. During the dry season, streams with St-type regoliths seem to have
the lowest alkalinity and specific-conductance values; streams with Sn-type
regoliths have the highest values, and the Mx-type regoliths fall in between.
This suggests that, when disturbed by logging, the sandstone-based (Sn)
watersheds are more susceptible to weathering than are the schistose (St)
watersheds. An examination of the data used in preparing figure 8 shows that
the lower limits of alkalinity and specific conductance in VL-type watersheds
during the dry season are defined by watersheds with a schistose regolith.

Table of Contents
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To examine further the characteristics of streams with schistose
regoliths, all data from St-type watersheds were analyzed in a similar manner.
Results are shown in figure 11. Envelopes enclosing data from VF-, VL-, and
RL-type watersheds generally overlap except for Bridge Creek (RL-type), which
has much higher values for alkalinity and specific conductance than all other
St-type streams. The Bridge Creek watershed is one of the steepest and most
susceptible to erosion and land slumping in the Redwood Creek drainage basin.
Furthermore, it was logged intensively during this study. Because of the
steepness of the slopes, logging caused considerably greater disruption of the
surface soils there than in any other logged watershed (Deborah Harden, U.S.
Geological Survey, oral commun., 1976). Perhaps intensive surface disruption
has exposed deeper, less weathered soils to the elements, resulting in a
greater rate of leaching of carbonate rocks.

Trilinear diagrams and regression analysis

Trilinear diagrams, which readily show the major-ion composition of a
water sample, were used to examine compositional differences between land-use
and regolith types. The data sets consisted of all the regular chemical
analyses plus analyses of samples taken on diel and synoptic studies,
excluding the chemograph data.

Preliminary evaluation indicated no differences between data sets
collected in the first and fourth calendar quarters of both years. Data from
these quarters were combined into one set representative of water quality
during the rainy season.

No regolith-related compositional differences could be found in the
rainy-season data, but land-use related differences are apparent, as indicated
in figure 12.

The main-stem water is a calcium bicarbonate type; water from unlogged
and RF-type areas (VF- and RF-type) is mixed sodium-calcium bicarbonate-
chloride type. Water types from logged areas (VL-type) lie in between. The
progression of water type from sodium chloride to calcium bicarbonate
corresponds to increasing exposure of the soil to weathering, either from
logging activity or natural differences in-vegetation.
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Analysis of data from the second and third calendar quarters suggested
there are no compositional differences between sets from VF- ang RF-type
watersheds and no pattern of compositional differences due to differences in
regolith in the combined VF- and RF-type sets. Differences attributable to
regolith were observed in VL-type watersheds only.

Figure 13 shows that water from VF- and RF-type watersheds shifts from
; the second to the third quarter toward a calcium bicarbonate type. Coinciden-
tally, main-stem water, which is a single definable type in the second
quarter, shifts to two types observable at South Park Boundary (11482200) and
at Orick (11482500). The water type at Orick shifts toward that of the park
tributaries, indicating the effect of tributary inflow on main-stem water
quality. Low-Slope Schist Creek (VF-type land use, St-type regolith) stands
out in figure 13 as a sodium chloride type water, suggesting very low
weathering activity on the regolith of that watershed.

Compositional differences, apparently related to regolith differences, on
logged (VL- and RL-type) watersheds can be seen in figure 14. 1In the second
quarter, St-type watersheds have a mixed sodium chloride-bicarbonate type
water; Sn-type watersheds have a calcium-sodium bicarbonate type. From the
second to the third quarters the water types in both St- and Sn-type water-
sheds shift toward calcium bicarbonate. Again, Bridge Creek (RL-type land-
use, St-type regolith) ig unique among the St-type watersheds in having a
calcium bicarbonate-type water.

In the second and third quarters, there is little difference in water
type between the combined VF- and RF-type watersheds and the VL-type water-
sheds, as can be seen by comparing figure 13 with figure 14. But if the
schistose (St-type) watersheds are excluded from the set of VL-type watersheds
there is a tendency for the remaining VL-type watersheds to have water higher
in calcium amd bicarbonate than the water of the VF- and RF-type watersheds.

The weight of evidence presented here and earlier suggests that schistose
regoliths are generally more resistant to weathering than the other regolith
types, which results in lower specific conductances and a more sodium-chloride
type water. But, in cases of severe disruption (like Bridge Creek), the
schistose watersheds can weather very rapidly which results in high specific
conductances and a calcium bicarbonate-type water--the same characteristics
seen in water from non-schist watersheds that have been logged.

The Mx-type regoliths do not fit clearly into the description of
; weathering in logged watersheds. The water type for the Mx-type regoliths
) should fall between that of the St- and Sn-type regoliths. The anion
composition fits, but the cation composition does not (fig. 14). The lack of
agreement may be due to effects that cannot be accounted for without
additional data. The alkalinity and specific-conductance values during the
! dry season (fig. 10) in the three regolith types in logged watersheds,
g however, did form a regular progression from low values in St-type, through
1 intermediate values in Mx-type, to high values in Sn-type regoliths. The lack
of complete agreement between the two findings is as yet unexplained.
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Figures 12, 13, and 14 show the seasonal trends in water type in the
At the end of the rainy seagon, water tends to be a mixed %
calcium-sodium bicarbonate-chloride type. From the beginning of the dry
he first rains in autumn there ig a steady shift toward a
calcium bicarbonate type. From the first rains until the end of the rainy
geason there is a shift back to the mixed type. For example, the water type
in combined VF- and RF-typeée watersheds shifts from 50-55 percent calcium and
picarbonate in the first and fourth quarters to 60-63 percent calcium and

picarbonate in the second quarter to 68-72 percent calcium and bicarbonate in
the third quarter.

drainage basin.

geason until t

The shift in water type with time is also reflected in the slope of the
linear regression of specific conductance against the sum of dissolved solids
(table 9). The slope of the regression 1ine decreases from 1.90 in the rainy
geason to 1.66 in the dry season, indicating a shift in composition from more %
to less electrically mobile ions. Previous discussion notes the shift from g
sodium chloride toward calcium bicarbonate type water. The mass conductivity .
of sodium chloride (as NaCl) is about 2.2 millimhos per centimeter per gram
and of calcium bicarbonate [as Ca(HCO )2] about 1.3 millimhos per centimeter
per gram. The shift in slope would be éxpected from the shift in water type
(Robinson and Stokes, 1959, p. 465, and Harned and Owen, 1958, p- 697) .

Analysis of distributional statistics

Data on PpH, dissolved oxygen, and minor constituents (aluminum, gilica,
nitrite plus nitrate, ammonia, Kjeldahl nitrogen, iron, dissolved phosphorus,
dissolved organic carbon, and chemical oxygen demand) had no regular predict- »
able dependence on time, so that handling the data by time geries methods |
yielded little information. Changes with season and differences attributable L
to land use oY regolith type were determined by statistical analysis of the
grouped. data. The trace metals--cadmium, copper, lead, and zinc--are not
discussed because the magnitudes of the wvalues have been questioned (see

explanation on P- 29).

data set used included

In the analysis of minor constituents, the
d on diel and

laboratory analyses of all regular samples and samples collecte
synoptid studies, except for the chemograph gtudies.

Preliminary evaluation of available data showed that the concentrations
of all constituents except aluminum, iron, and Kjeldahl nitrogen were gimilar
the first and fourth, and in the gecond and third calendar quarters.
gtatistical measures of these combined sets are shown in table 10. The ranges
of observed values in most cases cover one or two orders of magnitude, and
most of the distributions are best described as exponential. Where the
geometric mean (rather than the arithmetic mean) is closer to the median, the
geometric mean is a better measure of central tendency in the data.

in
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TABLE 9.--Regression coefficients of specific conductance versus
dissolved solids

[Includes regular data and samples collected on synoptic and diel
studies, except chemograph synoptic studies. Regression
equation ¥ = aX + b where Y is the specific conductance (in
micromhos per centimeter at 25 C) and X is the dissolved solids

i (as sum of constituents in milligrams per liter). Se(Y) is the
| standard error of the estimate of v from X; r is the correlation
coefficient]
Data set grouped , Ranges
by calendar a b r Se(y)
quarter1 » Y X

First and fourth 1.90 -14.8 0.96 3.64 36-79 25~-48
quarter . data

Second quarter 1.86 -10.8 .99 3.22 38-137 26-80
data

Third quarter 1.66 1.2 .97 10.1 54-250 32-138
data

Ipata sets were grouped by calendar quarters: first, January-
March; second, April-June; third, July-September; fourth, October-
December. - See also tables 10, 11, 12, 13, 17, 19.
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The significance of differences petween sets shown was tested using the
student t-test. Results are shown at the pottom of table 10. From the rainy
geason (first and fourth calendar qparters) to the dry season (second and
third quarters), the followind significant changes occurred. Aluminum
decreased significantly through the third quarter; iron did not change between
the rainy season and the gsecond quarter put decreased from the gecond to the
third quarter; nitrite plus nitrate decreased gignificantly; Kjeldahl nitrogen
did not change from the rainy gseason to the gecond quarter put decreased
significantly petween the second and third gquarters; dissolved organic carbon
decreased.

The regular pH and diss lved-oxygen data were grouped by calendar quarter
to evaluate time trends. Results are shown in table 11. The pH means
increase from the first through the third quarter and decrease into the fourth
quarter. The apparent cyclic pattern of changes in pH--moving lower through

1

the rainy season and moving higher through the dry season--may pe caused by

the washout and dilution of bicarbonates during the rainy season, followed by
a buildup in pboth the soil and water during the dry geason.

The decreaseé in iron from the rainy season to the dry season (table 10)
may be caused partly by the coincident increase in pH. Increases in pH should
decrease the leaching rate of iron from the soil. The decreases in iron may
also be related to the corresponding decrease 1in dissolved organic carbon.
Organic matter forms soluble complexes, especially with iron, and may affect

the solubility and leaching rate of the metals (Jenne, 1968, P- 340).

Dissolved-oxygen concentrations show no pattern with time, suggesting
that physical turbulence in the streams ig sufficient to keep dissolved oxygen
near saturation throughout the year.

Decreases in nitrite plus nitrate, Kjeldahl nitrogen, and dissolved
organic carbon from the rainy season to the gecond and third guarters may be
explained as follows. Rain washes these consgtituents out during the rainy
geason. In the dry season, these constituents build up again in the surface
goils, but no rain is present to wash them downward or off the soil.

pissolved phosphorus did not decrease from the rainy geason to the dry
geason, contrary to what would be expected from the chemograph data. The lack
of agreement petween the regular data and the chemograph data cannot be
explained. Alterations of the samples while enroute to the Central Laboratory
for analysis may have obliterated differences. Alterations are known to have
occurred in a get of samples from the Mill creek area (see P- 89).
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[Numbers in rectangle are confidence levels of
rejecting the Null Hypothesig~-the subject means
are equal--where quarterly means of PH and
dissolved OxXyden data are compared. vValues of
0.90 or less are considered not significant. The
test ig One-tailed]

Data set grouped ' Standard Number

by calendar Median Mean . of
deviation
quarter samples
PH

First quarter 6.80 6.79 0.55 82
Second quarter 7.21 7.13 .49 97
Third quarter 7.37 7.36 .53 61
Fourth quarter 7.19 7.13 .56 31

Dissolved oxXyden,in percent saturation

First quarter 97.4 96.3 3.3 75
Second quarter 97.1 96.9 4,2 98
Third quarter 95.9 95.3 6.0 6l
Fourth quarter 95.7 95,2 6.2 31
Quarter
1 2 3 4

1 <0.90  <0.90 . <q.90 1
g 2 0.90 <0.90 | 2.
PH ﬂ 1 Dissolved
§13 <0.90 |3 ©Oxygen
4 4
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s
!WJ; The regular data for minor constituents were grouped into subsets of
i common land-use and regolith types to examine how the medians of each subset

'?V varied from the median of the combined set. Medians of subsets grouped by
pﬁﬁ common land-use type are shown in table 12. The same€ information for data
grouped by common regolith type is given in table 13. The data from main-stem
gtations are included in the combined sets, but the properties of the MS-type
subset are shown only in table 13.

gilica.--Median silica concentrations are higher in watersheds with
sn-type regoliths than in watersheds with St- and Mx-type regoliths. Median
silica concentrations are also higher than the set median in VF-type water-
sheds, probably pecause VF-type watersheds have predominantly Sn-type
regoliths. Higher concentrations in sn-regolith watersheds are probably 2
associated with generally more rapid weathering of the sandstone-based |
(Sn-type) than of the schistose (St-type) or mixed (Mx-type) regoliths. 2

Iron.--In the land-use grouping, the median iron concentration in water
from the RF-type watersheds is higher than the set median during the rainy
cseason and is lower than the set median in the VF-type watersheds during the
third quarter. The RL-type watersheds as a group are also high in iron.

In the grouping by regolith, there is no pattern during the rainy season.
In the second quarter, the median iron concentration in the St-type regolith
is significantly higher than the set median. In the third quarter, the median
of the Sn-type regolith is significantly below the set median.

The patterns of fluctuations in iron concentrations cannot be explained
without further research.

pissolved oxygen.—-Further evaluation of the dissolved-oxygen data beyond
that given in table 11 showed no differences attributable to either land use
or regolith. AS expected, because of physical turbulence in the stream,
dissolved-oxygen concentrations are near gaturation.

Nitrite plus nitrate.--The set median in the dry geason is lower than the
set median in the rainy season, and the seasonal differences are most apparent
in the VF- and VL-type watersheds. The median concentration in VF-type water-
sheds is below the set median in both the rainy and dry seasons, put the
median concentration in the VL-type watersheds is above the set median in both
seasons. This pattern of changes with time and difference between watershed
types is consistent with the model discussed in the gection on chemograph
synoptic gtudies. Nitrate ig fixed to a greater extent in VL-type than in
VF-type watersheds; this may be related to the larger amounts of mature
vegetation in the VF-type watersheds. Fixed nitrate in excess of that
assimilated by other plants would be expected to be washed downward during the
rainy season and appear in the baseflow during the dry geason. As more excess
nitrate is available in the VL-type watersheds than in other watersheds, more
would be found in the baseflow from VL-type than VE-type watersheds.

No pattern is seen in the data grouped by regolith type (table 13).
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ally the same in all watershed types. Data

Kjeldahl nitrogen.--The set medians decrease going from the rainy season
through the second and third quarters, but no pattern emerges from the
groupings by land-use type as shown in table 13. The median of the combined
VF- and RF-type data (not shown) during the rainy season is below the set
median; whereas the median of the combined VF- and RF-type data (not shown)
from the second quarter is higher than the set median. This is the reverse of
the pattern of combined data shown in table 10. This result suggests that
Kjeldahl-nitrogen concentrations are higher in the base flow from forested and
RF-type watersheds than in the base flow from logged watersheds. More of the

is retained longer in forested watersheds. Thus, in the second calendar
quarter, when base flow dominates surface discharge, Kjeldahl-nitrogen
concentrations would be higher in streams of forested watersheds than in
streams of logged watersheds.

Because materials containing Kjeldahl nitrogen are biological in origin,

no pattern in median concentrations is expected when the data are grouped by
regolith type. However, during the rainy season the median concentration in
water from Sn-type watersheds is below the set median. This result cannot be
explained from a geochemical basis.

Dissolved phosphorus.--For watersheds grouped by land use, concentrations
during the dry season tend to be below the set median in RF-type and above the
median in VL-type watersheds. The difference cannot be explained at this
time.

No pattern in the groupings according to regolith can be seen.
PH.--Examination of the frequency distribution histograms of pH data

suggested that the third and fourth quarter data could be combined without

three " sets--first, second, and third plus fourth calendar quarters of
data---were studied.

The only consistent and significant differences in PH observed by this
analysis were that the PH values for main-stem stations were consistently
higher ‘than those for tributary stations. No patterns of differences in pH
between land-use or regolith type were seen. Neither land use nor regolith
seem to affect the pH systematically in streams within the park.
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Dissolved organic carbon.--In the data grouped by land-use type, the
median of data from the RF-type watersheds is higher than the set median in
both the rainy and dry seasons. RF-type watersheds apparently supply more
dissolved organic material to water than the other types of watersheds. One
might also expect VF-type watersheds to follow the same pattern, put, in this
analysis, they do not. An explanation ig not yet available.

Earlier (p- 52) the pH of stormflow from RF-type watersheds was noted to
pe lower than that from VF-type watersheds. This could be caused by higher
organic content of the soils in RF-type watersheds, which would by decomposi-
tion create higher partial pressures of carbon dioxide in soil. The higher
dissolved organic carbon concentrations in RE-type watersheds support this
hypothesis.

No pattern in the organic carbon data grouped by regolith type can be
seen. Median concentration in the main stem subset during the dry season is
jower than the set median. This may be due to the influence of low organic

content in water upstream from the park.

Mill Creek Drainage Basin

Summary statistics

A statistical summary of the data on water quality collected during this
study in the Mill creek drainage basin ig shown in table 14.

The quality of water in. the tributaries and main stem of Mill Creek is
excellent for drinking and fisheries. The dissolved-solids concentration
averages 33 mg/L with a maximum of 49 mg/L; hardness averages 16 mg/L; the pH
is nearly neutral; and the dissolved-oxygen concentration is close to
gaturation. The water tends to be a calcium-sodium bicarbonate type.
Concentrations of silica, aluminum, and iron, which are derived from rock
weathering, are very 1ow. Aluminum and iron distributions are skewed strongly
positive. This indicates that some concentrations of these constituents are
very high and that processes other than weathering affect aluminum and iron

concentrations.

1
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TABLE 14.--Statistical summary of selected water-quality measurements,

RESULTS

Mill Creek drainage basin

[Data from Iwatsubo and others,

1975 and 1976]

83 ‘ é

Numbexr . Lo
Constituent Units Mean Stavda%d of Mazximum Minimum Sskewness
deviation observed observed
samples
Silica mg /1L, 7.03 1.03 46 8.9 4.9 0.00
Aluminum ug/L 46 61 46 370 0 3.9
Iron Wg/ 1, 54 66 45 470 10 5.9
Calcium ng/L 4.03 " 1.50 46 7.7 1.7 .59
Magnesium mg/L 1.46 .62 46 3.0 .1 .55
Soditm ng/L 3.27 .70 46 4.7 2.0 .46
Potassium mg/ 1, .60 .21 46 1.3 .3 1.69
Bicarbonate mg/L 17.5 6.8 46 32 8 1.0
Carbonate ng/ L .0 .0 17 .0 .0 .0
Alkalinity, mg/L 17.5 6.0 188 35 6 .04
as CaCO3
Sulfate ng/ 1, 1.98 .84 46 5.0 .9 1.62
Chloride ng/ L, 3.82 .91 43 5.7 1.8 -.37
Fluoride ng/ 1, .05 07 33 .2 .0 1.05
Nitrite plus mg/TL, .379 .680 46 3.9 00 4.01
nitrate i
Ammonia mg/L .017 .035 13 .13 .00 3.42
nitrogen
Organic mg/L .739 1.09 13 2.8 .03 1.42
nitrogen
Kjeldahl ng/L .437 .634 45 2.8 .02 2.95
nitrogen
Dissolved mg/L .010 .01l 45 .04 .00 1.02
total
phosphorus
Dissolved mg/1 .014 .009 36 .04 .00 .598
oxtho~
phosphorus
Dissolved mg/L 32.7 7.2 46 49 21 .6
solids
Hardness, as mg/L 16.1 5.1 46 28 8.0 o7
CaCO3
Specific umho/cm  50.2 13.3 296 88 26 .3
conduct- at
ance 25°cC
pH 6.96 . 364 196 7.7 5.9 -.16
Temperature °oc 13.1 4.4 287 23.0 5.0 .6
Dissolved ng/L 9.59 1.24 188 12.1 6.3 -.14
oxygen
Dissolved mg/ L 3.55 2.06 44 9.2 .6 .97
organic
carbon
Cadmium! ug/L .3 .5 46 2 0 1
Copper ! ug/L 3.5 4.2 46 20 0 2.1
Lead! ug/L 2.0 1.0 3 3 Tl -
zinc! ug/L 28 43 46 240 0 3.5

lohese concentrations are thought to be too high by a factor of 10 for

cadmium and a factor of about 5 for copper, lead, and zinc (Vance Kennedy, oral
See more complete explanation on page 36.

commun. ,

1976) .

VT p——
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|
{H Dissolved~-phosphorus concentrations are generally below 0.010 mg/L, the

! level suggested by Sawyer (1947) above which nuisance blooms of algae might
occur. The average concentration of inorganic nitrogen (nitrite plus nitrate
and ammonia) exceeds the average phosphorus concentration by a factor of about
40, suggesting that on the average, phosphorus may be the nutrient limiting f
algal growth. The organic-nitrogen, Kjeldahl-nitrogen and dissolved organic |
carbon concentrations are all typical of clean streams draining forested
watersheds (Fredriksen, 1971).

1 Concentrations of the trace metals cadmium, copper, lead, and zinc are
A all low, typical of clean streams. But even these low concentrations are
i thought to be analytically too high by a factor of 10 for cadmium, and a
factor of 5 for copper, lead, and zinc (Vance . Kennedy, oral commun., 1976).
Routine methods of sample collection, preservation, storage, and analysis are
often inadequate to obtain a representation of the true concentrations at |
these low levels. These trace metals will not be discussed further, and the
statistics are presented for the record only.

Synoptic Studies puring Stormflow

Water-quality measurements were made at five stations (table 2) during
two storm events--January 6-8 and March 17-19, 1975.

Rainfall was measured at the Geological Survey rain gage at the
confluence of the West Branch and East Fork of Mill Creek. The first storm
caused 84 mm of rain between 1000 hours on January 7 and 1800 hours on
January 8. The second storm caused 140 mm of rain between 0200 hours on
March 17 and 1500 hours on March 20 (K. M. Nolan, written commun., 1976) -
Discharge hydrographs for both storms had well-defined rises, peaks, and
recessions, but peak discharges in the later storm were about twice as high as
in the earlier storm.

Preliminary evaluation of the time series of water-quality measurements
during each storm showed no systematic variations in pH, temperature, Or
dissolved-oxygen percent saturation. Plots of these data are not shown for
that reason. : '

Both alkalinity and specific conductance show the effects of dilution at
peak flow, however. Table 15 lists the wvalues on the rise, at the peak, and
on the recession of the hydrograph of each storm. The middle value of the
three is assigned a zero (0), the largest a plus (+), and the smallest a minus
(-). Alkalinity values are considered equal if they are within 1.5 units of
each other, and specific-conductance values are considered equal if they are
within 3 units of each other. These assignments are shown at the bottom of
the table. gome dilution occurred at the discharge peak in 8 of 18
observations. In no case did an increase in concentration occur at the
discharge peak. This suggests that dilution or no change occurs at peak flow
with greater probability than do increases in concentration. Dilution at peak
flow is probably caused by a greater fraction of the discharge at the peak
coming from overland flow, which would have smaller concentrations of
dissolved solids than would quick-return or delayed-return flow.
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TABLE 15.--Alkalinity and specific-conductance values at the beginning
of the rise, at the peak, and on the recession of the hydrographs for
synoptic studies

[Symbols used to represent the median: 0, median or equal values;
+, above the median; -, below the median]

Station number January 6-8, 1975 March 17-19, 1975
and name Rise Peak Recession Rise Peak Recession

Alkalinity, in milligrams per liter
11532602 West Branch Mill Creek 11 10 9
below Red Alder campground,
near Crescent City

11532605 West Branch Mill Creek 10 10 11 12 9 11
at Bridge, near Crescent City

11532615 East Fork Mill Creek at 15.5 13.5. 14 15 12.5 13
Bridge, near Crescent City

11532620 Mill Creek near 13 11 12 13 10 11
Crescent City

11532626 Mill Creek at Bridge, 12 12 12 12 8 18

near Crescent City

Snecific conductance, in micromhos per centimeter at 25°C
11532602 West Branch Mill Creek 41 38 38
below Red Alder campground,
near Crescent City

11532605 West Branch Mill Creek 42 36 39 35 31 42
at Bridge, near Crescent City

11532615 East Fork Mill Creek at 42 42 40 40 38 36
Bridge, near Crescent City

11532620 Mill Creek near 41 36 41 36 31 38
Crescent City

11532626 Mill Creek at Bridge, 42 44 40 39 28 36
near Crescent City

Alkalinity, in milligrams per liter
11532602 West Branch Mill Creek 0 0 0
below Red Alder campground, :
near Crescent City

11532605 West Branch Mill Creek 0 0 0 0 - 0
at Bridge, near Crescent City

11532615 East Fork Mill Creek at 0 0 0 + 0 0
Bridge, near Crescent City

11532620 Mill Creek near 0 0 0 + 0 0
Crescent City

11532626 Mill Creek at Bridge, 0 0 0 0 - +

near Crescent City

Specific conductance, in micromhos per centimeter at 25°C

11532602 West Branch Mill Creek 0 0 0
below Red Alder campground,
near Crescent City

11532605 West Branch Mill Creek + 0 0 0 - +
at Bridge, near Crescent City

11532615 East Fork Mill Creek at 0 0 0 0 0 0
Bridge, near Crescent City

11532620 Mill Creek near 0 - 0 0 - 0
Crescent City

11532626 Mill Creek at Bridge, 0 0 0 0 - 0

near Crescent City
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Data from the synoptic studies were grouped by storm (not shown) to
determine time-related differences in the water quality. Inspection of the
statistical properties of the grouped data indicated no differences between
storms in alkalinity, pH, temperature, and dissolved-oxygen concentration.
The mean specific conductance was significantly lower in the March storm
(0.99 confidence level), probably because this storm had the heavier rainfall,
and much of the soluble material available earlier in the season had been
diluted and washed out of the soils by earlier rainfall.

In order to determine systematic differences in measurements between
watersheds, the data were. grouped into West Branch, East Fork, and main-stem
sets. A statistical summary of these sets is given in table 1é. When thus
grouped, the statistical properties of the sets seem nearly identical.
Alkalinity, however, is significantly higher in the East Fork than in the West
Branch. Rocks in the East Fork watershed may be weathering faster because
logging is more intense in the East Fork than in the West Branch watersheds.

Diel Studies at Low Flow

Water-quality measurements were made hourly during the diel study from
1200 hours on July 31 to 1200 hours on August 1, 1974, at the stations Mill
Creek (11532620), Mill Creek at Mouth (11532630), East Fork (11532610), and
West Branch below Red Alder Campground (11532602). All four stations were
located in riffle reaches with partial shade.

Alkalinity showed no systematic variations related to the diel period.
The pH, however, varied systematically at all but the West Branch station.
The range was greatest at the East Fork station where a maximum pH of 7.5 was
measured at 1200 hours, and a minimum of 6.8 was measured at 0600 hours.

Specific conductance at all stations except the East Fork station showed
no systematic variations related to the diel period. Variations in specific
conductance at the East Fork station seem to be related to the diel period,
with the peak values at 1800 hours and minimum values at 0500 hours. The
cause of this variation is undetermined.

The temperature varied systematically with the diel period at every
station; the greatest range was 23.0 to 18.2°C at the Mill Creek station
(11532620). The lowest temperatures and smallest variations were measured at
the West Branch station.
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TABLE 16.--Statistical summary of field-measurement data from
synoptic studies, grouped by watershed
[Means and standard deviations calculated from data grouped by clasg
intervals as follows: alkalinity, 1 milligram per liter; specific
conductance, 5 micromhos at 25°C; pH, 0.2 units; temperature,
0.5°C; dissolved oxygen (percent saturation), 2 percent]

January 6-8 and March 17-19, 1975

Constituent and

drainage basin Standard Number

Median Range Mean . L of
deviation
samples
Alkalinity, in milligrams
per liter
Main stem 12.3 8.0~19 12.3 2.1 28
East Fork Mill Creek 14.8 - 12-20 15.1 1.8 15
West Branch Mill Creek 10.2 6.0-18 10.4 2.5 33
Specific conductance,
in micromhos per
centimeter at 25°C
Main stem 39.3 25-55 39.4 4.8 55
East Fork Mill Creek 40.6 25-50 40.1 4.8 27
West Branch Mill Creek 37.9 25-60 39.1 6.7 55
PH
Main stem 6.79 6.0-7.2 6.73 .23 23
East Fork Mill Creek 6.83 6,2-7.8 6.79 .35 14
West Branch Mill Creek 6.77 6.0-7.8 6.79 .40 30
Temperature, in degrees
Celsius
Main stem 9.62 8.5-10.5 9.55 .44 50
East Fork Mill Creek . 9.39 8.5-10.5 9.46 .49 22
West Branch Mil1l Creek 9.55 9.0-~10.5 9.58 .34 50
Dissolved oxygen, in
bercent saturation
Main stem 95.0 88-104 95.2 3.2 24
East Fork Mill Creek 95.0 90-100 94.8 2.4 12
West Branch Mill Creek 93.2 88-98 93.1 2.8 27
Alkalinity Specific Temper- Dissolved
ol conductance ature oxygen
0.99 <0.90 <0.90 <0.90 <0.90

Creek are equal.
significant.
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Dissolved-oxygen concentrations showed the classical systematic varia-
tion, reaching peak values at 1400-1600 hours and minimum values at 0400-0600
hours, corresponding to times of maximum photosynthesis and maximum respira-
tion. There were no differences in the patterns of variations among the three
streams. However, the highest saturation values (107 and 102 percent) were
reached at the main-stem stations and the lowest value (80 percent) was
reached at the West Branch station.

Results of Regular Measurements and Analyses

Field water-quality measurements were made and water samples were
collected and analyzed at regular intervals. These regular field measurements
and the medians of field measurements on synoptic and diel studies were
combined for further study. The regular laboratory analyses were combined
with analyses of samples taken on synoptic and diel studies.

Alkalinity, specific conductance, and temperature variations were
strongly time dependent. This dependence is shown in figure 15. Envelopes
enclose the ranges of values observed in the two tributaries and the main
stem.

Alkalinity values tend to be higher in the East Fork than in the West
Branch during both the rainy and dry seasons. Higher alkalinity values in the
East Fork may be caused by higher rates of rock weathering brought on by land
disturbance from logging. No differences in specific conductance between the
tributaries and main stem can be seen. Temperature ranges in the main stem
tend to be larger than in the tributaries, perhaps because the main stem tends
to be more exposed to insolation and to back radiation than the tributaries.
The temperature range in the West Branch is small, perhaps because of the
temperature-buffering effect of forest cover which is heavier in that water-
shed than in the East Fork.

Changes in the major-ion composition with time and differences between
tributaries are shown in a trilinear diagram (fig. 16). All available
laboratory chemical analyses were used in diagramming (a total of 42 anal-
yses).
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During the rainy season, differences between the tributaries are

prarent. The main-stem water is a mixture of the two types and is enclosed

yithin the outer envelope (fig. 16). The high bicarbonate East Fork water has

. ppout equal fractions of calcium, magnesium, and sodium. West Branch water

tends to be lower in magnesium and higher in chloride. In the dry season, no
jifference can be seen between the tributaries and the main stem, possibly

' pecause the number of observations is small for this period.

Water shifts from a sodium chloride type in the rainy season toward a

| calcium bicarbonate type in the dry season. This same change in water type
i yith season was also seen in the data from the Redwood Creek drainage basin.

The minor chemical constituents, pH, and dissolved-oxygen percent

3 saturation &id not seem to have strong time-dependent variations. Therefore,
 jifferences in these variables between the rainy and dry seasons, and between
~the tributaries and the main stem, were evaluated by comparing the statistical

properties of grouped data. The data set for the minor chemical constituents

~tonsisted of all laboratory analyses. The data sets for pH and dissolved

;xygen consisted of all the regular data plus the median value from the data

“tollected during each synoptic and diel study. Samples collected for
" Jaboratory analysis during the March storm, it was discovered later, were
‘improperly handled resulting in serious alterations in the nitrogen, phos~-
~phorus, and organic species concentrations. These erroneous values are not
“included in the analysis.

Laboratory-determined analytical data from regular samples were grouped

~for further analysis by calendar quarter to determine gross differences in
" themical properties with time. If no differences were evident from inspection

“of the frequency distribution histograms and performing a Student t-test of
the differences in arithmetic means, the sets were further grouped into rainy

season (fourth and first calendar quarters) and dry season (second and third

_calendar quarters). The data sets for silica, iron, and dissolved phosphorus
ishowed no quarterly or seasonal differences and were grouped into a single

set. Other data sets were evaluated separately. Summary statistics of the
grouped data are listed in table 17.
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FIGURE 15.--Specific-conductance, water-temperature, and alkalinity

values for main stem, East Fork, and West Branch Mill Creek.
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MILLIEQUIVALENTS PER LITER

EXPLANATION

RAINY SEASON-—West Branch Mill Creek
RAINY SEASON—East Fork Mill Creek
DRY S8EASON--8econd and third quarters

Main-stem station

FIGURE 16.--Major-ion composition using the regular data,
Mill Creek drainage basin. Arrows indicate shifts in
water types from rainy season to dry season.
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Aluminum, nitrite plus nitrate, chemical oxygen demand, and dissolved

. organic carbon all decreased significantly from the rainy season to the dry
- season. The decrease in aluminum, nitrite plus nitrate, and organic material
. pay reflect the change in sources of streamflow from overland and quick-return
 flow during the rainy season to delayed-return flow and ground water during

the dry season.

These data sets were then regrouped into East Fork, West Branch, and
pain-stem subsets to examine how the medians of each subset varied from the
redian of the combined set. Medians and ranges were shown in table 18 for
cach subset.

No pattern is apparent in the silica concentrations.

Iron is higher in the main stem and lower in the West Branch than the set
sedian. . The cause for these differences cannot be determined from the
svailable data.

Dissolved phosphorus in the East Fork is higher than the set median.
both the maximum and median concentrations are both smaller in the West Branch

than in the East Fork.

Concentrations of aluminum, nitrite plus nitrate, Kjeldahl nitrogen,

_themical oxygen demand, and dissolved organic carbon were lower in the dry
“jeason than in the rainy season in all the streams. Among the streams,
“lowever, the only major difference is the nitrite plus nitrate concentration,
~dhich is larger in the West Branch than the set median in the rainy season.
Hgher nitrite plus nitrate values may be due in part to the campground
located some distance upstream from the sampling station (table 2).

The first, second, and fourth calendar quarter sets of pH data were

“ldentical and were, therefore, grouped. The third quarter set was evaluated

;ﬁparately. This arrangement of quarterly groupings is probably needed
“lecause the second-quarter data were collected early in April, well within the

alny season. No differences in the sets of dissolved oxygen percent
aturation data were found when the data were grouped by quarter or season.

cherefore, the data were grouped into one set for analysis. These combined
.¥ts were then regrouped into main-stem, East Fork, and West Branch catego-
»Mes. A statistical summary of the grouped data is given in table 19.
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i‘:\
i TABLE 18.--Statistical summary of minor constituents data,
| grouped by watershed and season
b [Range is from the low end of the lowest class occupied to the high end of the
ié highest class occupied]
s Main stem West Branch Mill  East Fork Mill
i . Set Creek Creek
i Data set Constituent X
1 median
i Median Range  Median Range  Median Range
A
Combined Silica 7.00 6.92 4.5-9.0 6.75 5.0-9.0 7.50 5.5-9.0
i data Iron 50 56 20-480 40 10-70 50 10-90
“'13 Dissolved .012 .012. 0.00-0.05 .009 0.00-0.02 .016 0.00-0.03
i total
phosphorus
i Rainy Aluminum 44 48 20-380 45 10-130 40 10-120
i\ season Nitrite plus ~ .330 .267 0.00-2.6 .490  0.28-0.92 .220  0.16-0.96
?k data nitrate
if Kjeldahl .362 .334 0.15-1.0 .350  0.20-0.90 .475  0.35-0.55
ﬂw Nitrogen
; Chemical 11.9 12.0 4-14 11.0 2-16 9.0 6-16
K oxygen
demand
Dissolved 4.4 3.8 1-10 5.5 2-9 4.5 4-5
organic
carbon
Dry Aluminum 15 14 0-20 15 0-30 20 0-30
season Nitrite plus .015 .008 0.00~0.03 .140 0.03-0.68 .007 0.00-0.16
data nitrate
Ammonia .014 .013 0.00-0.03 .017 0.01-0.14 .010 0.00-0.02
Kjeldahl .212 .238 0.00-2.8 .350 0.05-2.6 175 0.05-2.55
nitrogen
Chemical 3.1 3.5 0-6 2.7 0-4 2.5 0-16
oxygen
demand
Dissolved 1.7 1.3 0-3 2.0 1-3 1.7 1-9
organic
carbon




RESULTS

TABLE 19.--Statistical summary of pH and dissolved-
grouped by watershed

[Means and standard deviationsg calculated from data

class intervals as follows: ©pH, 0.2 units;
(percent saturation, 2 percent])

oxygen data,

grouped by
dissolved oxgyen
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Data set grouped

Standard Number
by calendar Median Range Mean deviati of
quarter © " samples
pH
Combined first, 6.75 5.8-7.6 6.70 0.43 28
second, and '
fourth quarter
Main stem 6.80 6.0-7.4 6.73 .42 15
East Fork Mill Creek 6.70 6.2-7.2 - - 5
West Branch Mill Creek 6.53 5.8-7.6 ~ -~ 8
Third quarter 7.20 ©.6-7.8 7.15 .32 16
Main stem 7.45 6.8-7.6 - - 6
East Fork Mill Creek 7.40 7.0-7.8 - ~ 4
West Branch Mill Creek 6.90 6.6-7.2 - - 6
Dissolved oxXygen, in percent saturation
Combined set 96.0 64-106 93.7 8.3 42
Main stem 97.0 86~106 96.0 5.6 19
East Fork Mill Creek 97.0 88-102 96.2 3.7 9
West Branch Mill Creek 92.0 64-102 88.5 11.5 14

|
l1
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The mean pH is significantly higher (0.99 confidence level) in the third
quarter than in the combined first, second, and fourth quarters. This is
probably related to the shift in water type toward a calcium bicarbonate-type
water (fig. 16) and the general increase in alkalinity (fig. 15) from the

rainy to the dry season.

The median pH in the West Branch is lower than at the other stations.
The lower values may be related to the difference in water type--the West
Branch is less of a bicarbonate water than are the East Fork or main stem

(fig. 16).

Average percent-saturation values for dissolved oxygen are lower
(0.95 confidence level) in the West Branch than in either the main stem or
East Fork. The lower average dissolved-oxygen concentration may be caused by
higher loads of allochthonous material (materials which originate outside and
are brought into the waterway) from the forested watershed than from logged
areas and lower exposure of the water surface to sunlight. Together, these
would create a condition where respiration and decomposition rates exceed the
rate of resupply of oxygen by both photosynthesis and reaeration.

SUMMARY

Hydrologic Effects of Logging

The conceptual model described by Kennedy and Malcolm (1978) that
explains variations in major-ion composition with time and between watersheds
for the Mattole River basin seems to apply to the Redwood Creek and Mill Creek
basins. The Mattole River basin is in Humboldt County, Calif., on the north
coast just south of the Redwood Creek basin. ’

Kennedy and Malcolm's (1978) description of the hydrology, which is based
on work by Jamieson and Amerman (1969), is as follows. Stream discharge at
any one time may consist of water from four different sources--base flow,
delayed-return flow, quick-return flow, and overland flow. Base flow is water
that percolates to depth in the soil and regolith and reemerges over a long
period. Base flow dominates stream discharge during the dry season.
Delayed-return flow is water that enters the soil, moves a short distance
downward and laterally, and reemerges up to 24 hours later as seepage along
shallow cuts in the land. Delayed-return flow dominates streamflow late in
the recession part of the storm hydrograph. Quick-return flow is water that
enters the soil and reemerges within one hour. Quick-return flow seems to
contribute to the rise, peak, and early recession parts of the storm
hydrograph and, in some cases, may dominate the rise and early recession.
overland flow is water that does not enter the soil but moves down gradient on

the surface.

|
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Kennedy and Malcolm (1978) suggest that as the rainy season progresses
the soil becomes more saturated, causing overland and quick-return flows to
become larger components of stormflow. Between storms, delayed-return and
base flow dominate stream discharge. As the rainy season progresses, base
flow becomes a larger fraction of the streamflow between storms because the
ground-water reservoir is being increasingly filled.

Overland flow does not make intimate contact with the so0il before
entering the stream. Thus it presumably contains fewer dissolved solids than
the other components of streamflow. Dissolved-solids concentration or
specific conductance decreased at peak discharge a significant number of times
in the VL-type watersheds but only occasionally in the VF~type watersheds.
This suggests overland flow is an important part of peak discharge only in the
watersheds -that have been recently logged and is responsible for diluting the
dissolved-solids concentrations. A statistical analysis suggests that
overland flows sufficient to dilute dissolved solids concentrations at the
hydrograph peak are two to three times as likely to occur in logged watersheds
as in forested ones. Table 6 shows that dilution at the peak occurs both
early and late in the rainy season, suggesting that overland flow is an
important part of the peak discharge in VL-type watersheds throughout the
rainy season.

This analysis indicates that overland flow occurs more often in a logged
watershed than in a forested watershed. Intense rainfall would probably cause
overland flow in a forested watershed as well, and table 6 shows that dilution
at peak discharge occurred occasionally in the VF-type watersheds, but not
with the regularity observed in the logged watersheds. Apparently,
quick-return flow was the more important part of peak discharge in VF-type
watersheds. Janda, Nolan, and Harden (1975b) found that the time of peak
discharge in VF-type watersheds consistently lagged behind that in VL-type
watersheds. This supports the view that quick-return flow rather than
overland flow was the more important component of peak discharge in forested
watersheds.

Systematic Variations in Major-Ion Composition with Time

The most important changes in chemical composition with time are a
regular shift in water type from seagon to season and accompanying changes in
the sum of dissolved solids. At the end of the dry season, streams tend to
peak in specific conductance (hence, dissolved-solids concentration) (fig. 8)
and to be a calcium bicarbonate type (fig. 13). As the rainy season
progresses, the water type shifts steadily toward sodium chloride, and the
specific conductance decreases, reaching a minimum in late March or early
April. The change in water type through the rainy season is particularly
evident from the chemograph data (fig. 6). Through the dry season, the water
type steadily shifts back to calcium bicarbonate (fig. 13). This pattern is
observed to about the same degree in all watersheds studied, although some
distinction in watersheds by land use is evident. These variations are
discussed later.
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The probable mechanism for the changes in water type and dissolved-solids
concentration is as follows. The first rains enter the soil and dissolve the
soluble materials accumulated during the dry season, both products of
weathering and salt spray from the ocean. A large part of this water probably
percolates to the ground-water reservoir and later appears as base flow. The
remainder of the water runs off, probably as quick-return and delayed-return

_flow. This process is repeated with each rain. As the soil becomes more

saturated and the water table rises, less water percolates and more appears as
overland and quick-return flows. Repeated rains also leach the soils of
soluble materials. Runoff from the early rains tends, therefore, to be of the
same type and dissolved-solids concentration as the base flow except where the
overland flow component is large. But as the rainy season progresses,
available soluble materials decrease relative to the volume of runoff. Hence,
runoff from rains later in the season contains less calcium and bicarbonate
derived from the weathering of the Franciscan-based soils.

At the end of the rainy season, the water stored in the soil appears as
base flow. Early in the dry season, the base flow consists largely of the
water from the most recent rains. As the dry season progresses, and the water
table falls, an increasing fraction of the base flow consists of water

percolated to the water table at various times in the rainy season just
concluded.

More study is required to add detail to this simple conceptual model. In
its present form the model explains the steady progression with season from
high to low and back to high dissolved-solids concentration, and from ca101um
bicarbonate to mixed and back to calcium bicarbonate water type.

Because chloride salts are not produced in significant concentrations by
the weathering of most rocks, the ocean is probably their source in runoff
water. The chemograph studies suggested that chloride enters runoff water by
different mechanisms early and late in the rainy season. Chloride
concentrations were equal in both Harry Wier and Little Lost Man Creeks in
November, and the time series of chloride concentrations were identical to the
time series of other constituents. This suggests that the predominant source
of chlorides was the soil before the rain. Chloride salts were probably
accumulated as dry fallout during the summer.

Table of Contents




Table of Contents

ain constant through the
This suggests that late in the rainy
€ was the rain itself. The chloride
concentration wag higher in Little Lost Man Creek probably because that creek

the rain.

The pH valueg also geem to vary seasonally. 1In the base flow and flow
between storms (represented by the reqular data) the median PH reaches a
minimum in the first calendar quarter and a maximum in the third calendar
quarter (table 11). This follows approximately, and ig probably related to,
the overall pattern in alkalinity——mlnimum in the first qQuarter and maximum in
the third quarter (fig. 8). The Seasonal patterns in PH and alkalinity are
not uniform in all watersheds. Systematic differences in the patterns may be
related to land use. The pH values observed during stormflow showed very weak
patterns with season (fig. 7). The PH values for VL-type streams tended to be
significantly higher than for the VF-type streams in the first quarter

Variations in Physical Conditions and Major-Ion Composition between
Land-Use Types and Regolith Types

Stream temperatures are more variable in watersheds with more soil
surface or streanm surface exposed to the open sky. Mean temperatures in RF~,
% VL-,  and MS-type streams during stormflows are higher than in the VF-type
& streams in the fourth quarter and lower than in the VF-type streams in the
first quarter (table 8). Thig pattern suggests that €xposure of the soil
leads to higher water temperatures in autumn and lower temperatures in winter
during stormflow. This pattern ig not seen in the regular data (fig. 8).

During the summer months, the main stem is significantly warmer above
Harry Wier Creek than below it. This difference may be due to the greater
€xposure of the maj
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During low flow, watersheds having more exposure to weathering (VL- and
RL-type) tend to have water with higher dissolved-solid (as indicated by
specific conductance) and alkalinity concentrations than the forested (VF- and
RF-type) watersheds (fig. 8). Also, the main stem above Harry Wier Creek has
higher dissolved-solids and alkalinity concentrations at low flow than the
main stem below Harry Wier Creek (fig. 9). The drainage basin above Harry
Wier Creek is highly exposed both because of heavy logging and because the
natural vegetation is sparser than in the drainage basin below the creek.
Within the group of logged watersheds (VL), streams from the schistose rego-
liths (St) have the lowest dissolved-solids and alkalinity concentrations, and
streams from the sandstone-based regoliths (Sn) have the highest concentra-
tions (fig. 10). Within the group of schistose (St) watersheds, no differ-
ences in dissolved solids or alkalinity between land-use types were discern-
ible, except that Bridge Creek, the watershed in the study area perhaps most
heavily scarred by the various activities accompanying logging, has the highest
dissolved-solids and alkalinity concentrations of any stream studied (fig. 11).
Other factors not investigated here may contribute to high dissolved-solids
concentrations in Bridge Creek, however. Thus, a firm cause-and-effect
relationship cannot be established without further study.

- Differences in water types can also be seen between land-use types and
regolith types. During the rainy season, water types from the forested water-
sheds, logged watersheds, and the main stem form a regular progression from a
mixed calcium-sodium bicarbonate-chloride type to a calcium bicarbonate type
(fig. 12). This progression corresponds to increasing exposure of the water-
shed to weathering due either to logging or to natural differences in vegeta-
tive cover. During the dry season, water from the group of VL- and RL-type
watersheds (excluding the schistose watersheds) tends to be a more calcium

bicarbonate type than water from the VF- and RF-type watersheds (figs. 13 and
14).

The schistose (St-type) watersheds provide less consistent results.
Generally, the water in this group of streams is a mixed calcium-sodium bi-
carbonate-chloride type, regardless of the land-use type, but Low-Slope Schist
Creek (VF-type) has a distinctive sodium chloride-bicarbonate type water. 1In

contrast, Bridge Creek (RL-type) has a calcium bicarbonate ‘type water
(fig. 14).

The results discussed above suggest that exposure of the land surface
increases the rate of weathering of the native regolith. The sandstone-based
regoliths generally are most susceptible and the schistose regoliths generally
least susceptible to accelerated weathering, but extensive soil disruption in
the schistose watersheds, as in Bridge Creek, may overwhelm the apparent
natural resistance of the schistose regolith to weathering.
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exposure of the water surface locally at the study site but not to land-use or
regolith differences. At sites open to the sky, considerable variation in
dissolved-oxygen concentration and pH occurred. The waters are usually
slightly undersaturated and seldom supersaturated with oxygen, however, ;
suggesting  that, overall, biological respiration exceeds biological I
productivity in these streams. It is common to find respiration exceeding 3
production in streams from forested watersheds (Hynes, 1970).

|
|
Variations observed during diel studies were related to the level of i
|

Variations in Concentrations of Other Constituents between |
Land-Use Types and Regolith Types

Variations in concentrations of the plant nutrients and vegetation
products--phosphorus, ammonia, Kjeldahl nitrogen, nitrite plus nitrate, and
dissolved organic carbon--present a reasonably clear and consistent pattern in 1
the chemograph studies. The pattern in the regular data is rather confusing. d !

In the chemograph studies, dissolved phosphorus, ammonia, Kjeldahl

nitrogen, and dissolved organic carbon concentrations generally decreased,
some dramatically, in both Harry Wier and Little Lost Man Creeks between ¢
|

November 1974 and February 1975.

In the analysis of the regular data (table 12), concentrations of nitrite
plus nitrate, .Kjeldahl nitrogen, dissolved phosphorus, and dissolved organic
carbon decreased from the rainy season to the second or third calendar
quarter. The median nitrite plus nitrate concentration is lower than the set
median in VF-type watersheds and higher than the set median in VL-type
watersheds. The median dissolved-organic-carbon concentration is higher than !
the set median in the RF-type watersheds. Dissolved phosphorus and Kjeldahl S
nitrogen show no pattern with land use. ‘

The patterns observed in the chemograph studies and the regular data may g
be explained by the following mechanisms. Kjeldahl nitrogen, dissolved -
organic carbon, and dissolved phosphorus accumulate in the soil during the
summer, and are subsequently diluted and washed out during the rainy season.

¢ Little of these constituents reaches the water table because of adsorption to

i the soil or because they are washed off of rather than down into the soil.
Hence, concentrations in the base flow appearing in the second and third R
quarters are lower than those in the runoff during the rainy season. Higher o
dissolved organic carbon concentrations in the RF-type watersheds may be
caused by heavy ground cover. : !
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The occurrence of nitrite plus nitrate may follow a different mechanism
from that just described. Nitrates can accumulate in soils from fixation and
subsequent nitrification by leguminous weeds and shrubs. Because light
penetrates to the soil more in logged than in forested watersheds, these
nitrogen fixers may be more abundant in the logged watersheds. As the rainy
season progresses nitrite plus nitrate accumulated by fixation and nitrifica-
tion will be washed off of and leached down into the soil. In the VF-type
watersheds, the nitrite plus nitrate that leaches down will be assimilated by
mature trees so that little reaches the water table; hence, concentrations
would be lower in the base flow from forested watersheds than logged water-
sheds, which is seen in the data. In VL-type watersheds, nitrite plus nitrate
is not assimilated to the same extent as in VF-type watersheds. Further, as
the rainy season progresses more is produced by fixation. Most of the excess
thus available is carried off instead of leached down because much of the
fixation occurs late in the rainy season when the soil is saturated. Hence,
less appears in the base flow in the second and third quarters than appeared
in the first quarter late in the rainy season. Nevertheless, more nitrite
plus nitrate reaches the water table in the VL-type than in the VF-type

watersheds, accounting for the higher values in the second and third quarters
in streams from VL-type watersheds.

This conceptual model agrees with the finding of Likens and others (1969)
that removing large trees from a watershed leads to an accumulation of
nitrates which are available to wash out of the watershed.

These conceptual models of the occurrence of the plant nutrients are
speculative and require a great deal more data to elaborate and verify.

Silica concentrations seem to change very little with season, according
to the analysis of regular data (table 10), but a significant increase
occurred between November 1974 and February 1975 in Harry Wier Creek, as

observed in the chemograph studies (table 5). Median silica concentrations
are higher than the set median in Sn-type watersheds and are lower than the
set median in St- and Mx-type watersheds. No pattern was seen in the

groupings by land use. The increase from November to February in Harry Wier
Creek may have been caused by an increase in the rate of dissolution of the
regolith as the soil became saturated. The higher silica concentrations in
Sn-type watersheds may be related to the faster rate of weathering for the
sandstone-based regoliths observed in this study, particularly in logged
watersheds with Sn-type regoliths.

Aluminum concentrations increase through the rainy season (table 5) and
decrease through the dry season (table 12). The pattern may be due to
increased mechanical erosion of rocks and soils during the rainy season.
Differences between regolith types are not observed but the median aluminum
concentration in the RF-type watersheds is higher than the set median in the
rainy season and lower than the set median in the dry season. This pattern is
as yet unexplained.
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channel. No variations in the percent saturation were apparent with time or
between land-use or regolith types.

The pH varied significantly with season, but no significant variations
with land-use or regolith type were found. There is some indication (fig. 7)
that streams in RF-type watersheds had lower pH values during the rainy
season. This may be related to the higher dissolved-organic—carbon concen-
trations in these streams. - High soil organic-carbon concentrations would be
expected to cause lower soil pH which would, in turn, be observed in the
streams.

NOTES ON THE REDWOOD CREEK ESTUARY

Downstream from Orick, Redwood Creek opens into a small, shallow estuary
partly sheltered from the open ocean by a sand bar which alternately develops
and recedes with changing season (fig. 17). The new channel was cut after the

¢  flood of 1964, and the remnant of the old channel carries water only at high ﬁ
i flow. The small tributary to the north carries insignificant flow.

In the high-discharge periods of winter and spring, the sand bar is :
broken through at one or more points, allowing connection to the ocean. The J}
bar rebuilds during the late spring to early autumn period and usually closes |
off the estuary, preventing surface discharge to the ocean. :(

Specific conductance was measured at several points in the estuary in
May, July, and August 1974, and in May and September 1975, to determine the !
salinity change with depth. The sharpness of the gradient suggests the |
relative dominance of tidal and streamflow forces in the estuary. Although
measurements were made along all three lines shown in figure 17, observations
at each line are alike at each time. The findings are presented only in X
schematic form (fig. 18). The data from these studies are published in g
Iwatsubo and others (1975, 1976). y

There is no evidence that saltwater enters the estuary from the ocean in
May. Apparently, discharge is so high that it overwhelms the tide, preventing
the saltwater wedge from entering the estuary. By July, however, flows allow
creation of g sharply defined saltwater wedge which is first detected about i
one-half meter below the surface. At this time, fresh water ig overriding the |
denser saltwater wedge. By August and September, tidal action is more |
dominant in the estuary; specific conductance values are higher both at depth
4 and at the surface. The saltwater wedge 1is still well defined, however.
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FIGURE 17.~-Sampling stations in the Redwood Creek estuary area. Lines
and letters show stations sampled (Iwatsubo and others, 1975, 1976).
The graphs in figure 18 are based on data from these stations.

‘When the channel is blocked by the sand bar, a special case arises.
Water may seep into or out of the lagoon through the bar, but any tidal action
is strongly damped. Fresh water added to the estuary from upstream backs up
into the lagoon and gradually forces the saltwater back through the sand to
the ocean under a positive hydraulic gradient. Hence, the specific-
conductance gradient in September (with a closed channel) shows fresh water to
a depth of 0.76 m and a gentle gradient below, with a lower maximum value than
in August. The Redwood Creek estuary, when an open channel, seems to be a
salt-wedge estuary as described by Pritchard (1967, p. 3-6), suggesting that
the ratio of tidal flow to streamflow is always less than 1.

REGRESSIONS

Regressions of specific conductance against discharge, dissolved-solids
concentration against discharge, and dissolved-solids concentration against
specific conductance were developed using the regression program of Steele
(1973) for each of the stations in the Redwood Creek and Mill Creek drainage
basins (table 20). These regressions may be used in future projects to model
the concentrations of dissolved solids from the measurement of stream

discharge alone.
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