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CONVERSION TABLE

For the c::onvel11e!1Ce of readers who prefer metric (International System) units
rather than the inch-pound units used in this report. the following conversion
factor9 may be used:

Multiply inch-pound unit

inch (in.)
foot (ft)
mile (ud)
square mile (m12

)

acre-foot (acre-ft)
foot per second (ft/s)
cubic foot per second (ft 3 /s)
ton. short
ton per day (ton/d)
degree Fahrenheit (OF)

Ez
25.4
0.3048
1.609
2.590

1.233
0.3048
0.02832
0.9072
0.9072

°C-S/9 (OF_32)

to obtain metric unit

millimeter (mm)
meter(m)
kilometer (km)
square kilometer (km2 )

cubic meter (m3
)

meter per second (m/s)
cubic meter per second (m'/8)
megagram (Mg)
megagram per day (Mg/d)
degree Celsius (DC)

Other abbreviations in this re~ort:

mg/t. milligrams per liter
NTU. nephelometric turbidity units

-Sea l.vel:

In this report "s•• lwvel" refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929) -- a geodetic datum derived from a general adjustment of the
first-<»rder level nets of both.the United Statee and Canada, formerly called "Mean
Sea Level of 1929."
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SEDIMEN'l' TRANSPORT CHARACTERISTICS OF SELF-errED STREAMS

IN THE SUSI'I'NA RIVER BASIN, ALASKA: DATA FOR WATER YEAR 1985

AND TRENDS IN BEDLOAD DISCHARGE, 1981-85

By James M. Knott, Stephen W. Lipscomb, and Terry W. Levis

ABSTRACT

Th. upper reaches of the Susitna River have been considered for develo~ent of a
large power-generation system for southcentral Alaska. This report presents a
summary and discussion of sediment and hydraulic data obtained from October 1984 to
Sepumber 1985 (wacer year 1985) at selected sites on the Sus1tna, Chulitna)
Talkeetna and Yentna RivRl:'B. Sediment data include measurements of suspendad­
sediment and bedload discharge. and analyses of particle-size distribution of
suapeoded sediment, bedload, and bed ~t8rial; hydraulic data include measure~ents

of channel width. average depth and velocity of water. and water-surface alope.
Relations between water and sediment discharge are developed for each site.

Sediment loads for water year 1985 wn'e estimated fo1:' the Yentna,' Chulitna, a.nd
Talk.etna R1v~rs and for three8i~es on the Susiena Riv.r. About 31 million tons
of sediment we-re transported by the SUllitns River at SUf,d.trul Station during the
yea.r. The Yentna and Chulitna Rivers contributed about 21 million tons of 8ediment
to the Susitna River.

INTRODUCTION

The Sus1tna 1s one of the major rivers in Alaska. ranking fifth in drainage area.
Th. upper reaches of the river have been considered as potautial sites for several
large dams and reservoirs. In 1986, plans for large-scale hydropower development
of the upper Suaitna River were discontinued, at least t&mporar1ly.

This report presents a. 9U1IllI.Sry and discussion of sediment and hydraulic data.
collected at selected sites in the Sus1tna River basin in the area between the
proposed damsites and Cook Inlet. Figure 1 and table 1 summarize locations and
ava.ilability of data. Subsequent data presented in this report were eollected
during the period October 1984 to September 1985 as part of a cooperative program
between the Alaska Power Auchority and the U.S. Geological Survey. In addition.
selected data from historlcal records, data for water yeare 1981-84 (Knott and
Lipscamb, 1983 and 198~; Knott and others, 1986), and data collected in 1985 are
used to estimate the total amount of sediment (suspended sediment and bedload)
transported by the major streams in the basin during water year 1985. Relations
betwe.n water and 8~diment discharge are developed for various sices in tbe basin.
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DESCRIPTION OF AREA

The Susitna River basin (fig. 1) lies on the southern flank of the Alaska Range in
southcentra1 Alaska. The relief of the basin, which has a drainage area of about
19,400 mi 2

, is a contrast of steep, rugged mountains towering above wide valley
lowlands. Altitudes range from 20,320 ft at Mt. McKinley to sea level where the
Susitna River empties into Cook Inlet.

Tributaries to the Susitna River are commonly referred to as either glacial or
nonglacial streams. The nonglacial streams are noted for their clarity, even
during intense summer rainstorms. Glacial streams are turbid throughout most of
the open-water season (May through September). Glacial and nonglacial streams in
the Susitna River basin are both characteristically low in turbidity (less than 10
NTU) during most winter months (November through March). The Susitna River and its
larger tributaries are all affected to some degree by glacier runoff.

CLIMATE

The climate of the Susitna River basin is divided into two broad categories
(Searby, 1968). The higher altitude parts of the basin are included in the
Continental Zone, where diurnal and annual temperature variations are great. Mean
annual temperatures range from 15 to 25 of (Hartman and Johnson, 1978). The
lowlands lie in the Transition Zone, where temperatures are less variable. Mean
annual temperatures here generally range from 25 to 35 of. Mean annual precipita­
tion in the basin ranges from less than 20 in. near the mouth of the Susitna River
to more than 80 in. at higher altitudes (National Weather Service, 1972).

Climatological records for the weather station at Talkeetna probably are repre­
sentative of lowland areas. A summary of data for this station (Se1kregg, 1974)
indicates that mean daily temperatures range from 38 to 62 of in summer, and from
-9 to 18 of in winter; extremes range from -44 to 85 of. Annual precipitation at
Talkeetna averages 28 in., about 60 percent of which is rainfall.

DATA COLLECTION AND ANALYSIS

Beginning in 1981, systematic measurements of sediment discharge and stream
hydraulic properties were begun to define the amount and distribution of sediment
transported by the Susitna River and its major tributaries between Gold Creek and
Sunshine (fig. 1). In 1981, data were collected at four sites in July, August, and
September. Two sites were on the Susitna River, one at Gold Creek (No. 3 on map)
and the other at the Parks Highway crossing at Sunshine (No. 12). The remaining
two sites were on major tributaries to the Susitna River, one each on the Chulitna
(No.7) and Talkeetna (No. 11) Rivers.

During 1982 the data-collection program was expanded to obtain weekly samples
during the open-water season (May to September). A new sampling site (No. 6 on
map) was established on the Susitna River upstream from the Chulitna River
confluence. The stream-gaging station and the monthly collection of suspended­
sediment samples were continued at Gold Creek. Bedload sampling sites (Nos. 9 and
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10 on map) vere established on the Susitna River in 1983 and on the SU8itna (No.
14) and Yentna (No. 13) Rivers in 1984. Suspended-sediment data have bean obtained
for the Sus1t.na River at Susitna Station and Yentna Riv6!r sitas since 1975 and
1981, respectively (Still and Jones, 1985). From 1983 to 1985, sampl•• have been
collected monthly with occasional sampling during storm periods. At each site,
data collection included:

1) Suspended-aediment samples
2) Bedload samples
3) Bed-material samples
4) Water-diatharge measurements
5) Meesurmunts of water depth and channel width

Selected samples of suspended sediment, bedload, and bed material ware analyzed for
particle-llize distribution. Streamflow characteristics wera defined from data
available for existing stream-gag1ng stations. At sampling sitelll that did not
coincide ~th stre..-gaging stations, sufficient discharge measuremants vere
obtained to develop stage-discharge relations. Summer measurements were made from
a boac; either a cablevay or sextant was used to determine stationing along the
~easuring section. Winter measurements were made by atta~hing 8. sampler to a rod
and lowering th. sampler through boles drilled in the ice.

Depth-integrated, suspended-sediment samples were collected using a standard
point-integrating P-61 sampler (Guy and Norman, 1970) • Samples include those
particlu" (ue118lly finer" than 2.0 mm) transported in the stream between th, water
aurtac. and a po1ut about 0.5 ft above the streambed. Two samples were obtained at
each of five selected verticals in the stream cross section (at cantroids of flaw)
and analyzed to determine average values of sus~ended-sedimant con~.ntration and
the particle-size distribution of sediment in the vater-sediment mdxture. The ~o

samples from each vertical profile were generally composited to obtain one
analysis, but in a tev instances the individual samples Ware analyzed.

Sediment transported within 0.25 ft of the streambed was sampled using a b.dload
aa.pler (Helley and Smith. 1971) designed for collecting coarse material (0.25­
76.2 mm). Sampling time, number of sampling points. stream width and depth. and
weight of dry 8ed~.nt were recorded as a basis for calculating bedload discharge.
Trap ett1~iency of the sampler was assumed to be 1.0. Chars-cterist:icB of the
Belley-Smith sampler and pro~edures for its use have not yet been fully evaluated.
In the interim. the Geological Survey follows a provisional method of obtaining
samples at about 20 equally spaced verticals based largely on lield tests by EmMett
(1980).

Some of the sediment transp~ed in suspension cannot b. a~curately sampled by th~

P-61 because the lowast depth accessible to the sampler is about 0.5 tt above the
riverbed. SlIt-clay concentrations are generally assumed to be uniformly
distributed throughout the total depth of the river and ehe concentration of this
material near the riverbed (between riverbed and 0.5 ft above bed) is considered to
be approximately the same as that in the sampled zone. The concentration of
suspended sand near the riverbed. however, is generally larger than that in the
sampled zone because sand particles tend to settle toward tha riverbed if flaw
velocities are not sufficient to keep them in suspension. At least part of tbe
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medium to coarse sand fraction (0.25-2.0 mm) moving near the riverbed is trapped by
the bedload sampler (from riverbed to 0.25 ft).

A preliminary examination of the amount of sand transported in suspension and as
bedload suggests that attempting to account for sand that is not sampled by either
sampler would generally increase reported concentrations of suspended sand (table
2) at most sites by about 1 percent. At some sites, however, such as the Yentna
River and the Susitna River at Susitna Station, the amount of sand that is not
sampled is perhaps 10 percent of the total suspended sand.

A few bed-material samples were obtained at each site using a 6-inch diameter pipe
dredge. At some sites, deep water and a swift current, armoring, and the presence
of coarse particles on the streambed made sampling difficult. Although indicative
of the sizes of particles present in the streambed (less than 150 mm), bed-material
data presented in this report may not be representative of actual particle-size
distributions. Surface and sub-surface samples also were obtained where the
streambed was exposed or where water depths were less than 2 ft. These samples,
obtained with a sampler similar to a McNeil sampler (McNeil and Ahnell, 1964) are
probably representative of actual particle-size distributions.

Measurements' of water depth and channel width at sampling sections were usually
made during bedload measurements. Depths were ~easured by sounding with the
Helley-Smith sampler at 16 to 25 points in the cross section. Stream width was
determined from station markings on cableways or from sextant readings. Average
velocity was determined by dividing the rated discharge of the stream by the
cross-sectional area (width x depth).

SEDIMENT DISCHARGE

Sediment Transport and Particle-Size Characteristics

Sediment particles may be transported in suspension, by rolling and bouncing along
the streambed, or as a combination of both. Suspended sediment, as the name
implies, consists of particles that are transported in a stream while being held in
suspension by the turbulent components of the flowing water. Coarse sediment that
is transported on or near the streambed constitutes the bedload. Clay- and
silt-size particles usually are moved in suspension, while gravel particles move on
or near the streambed. Sand-size particles may be transported either as suspended
load, as bedload, or both.

Suspended-Sediment Concentration

Suspended-sediment data for the period October 1984 to September 1985 are listed in
table 2. During 1985, only two significant storms occurred, and these were small
compared to those that occurred in the period 1981-84. Most samples were collected
during periods of low to moderately high flows.

6
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A few samples were collected in the winter (October 1984 to April 1985).
Suspended-sed1Jaent concentrations for these samples range from 2 to 21 mg/L J

typical of concan~rations maasured during previous winters.

Spring "breakup·' occurred in mid- to late Kay at mos~ sampling sit.as. The sampling
dates in May generally reflect the timing of the ice-breakup event within tbe basin
(table 2). Ice cover 011 the rivers disintegrates first in the lower basin near
Susitna Station. Breakup then generally proceeds upstre8!ll and oecurs last near
Gold Creek. Coneentrationa of suspended sediment inc.rease rapidly during the
breakup process aud then generally decrease through June. In 1985, concentrations
ranged from about 500 to 1J Ooo mg/L in May BUd then decreased to about 200 to 400
mg/L in late JUlUI. AD 4I!xception to this pattern was ths station Chulitna River
below canyon. where the higher concentration (1,240 mg/L) of sugpended sediment
reflects glacier runoff. The percentages of silt-clay sediment in May and June
(prior to glacier runoff) are generally low (18-52 percent) relative to sand (48-82
percent) at all 8,fees in the basin.

In July and August, gla~ier runoff and storms cammonly ragul~ in high concentra­
tions of suspended 8edtment for long pe~iod8. When a major storm occurs,
suspended-sediment concentrations can increase rapidly to silvera.! thousand
milligrams per liter. During warm periods between storms, glacier runoff inc.reases
and coneentr8tiona reaa1.n high.

!'he Sus1tna River near Talkeetna (No. 6 on map) and the Ta1~e.tna River near
Talkeetna (No. 11) are leut affected by glacier runoff; glaciers cover 5 and 7
percent of their respective drainage areas. SUJpled concentr~t1ons of suspended
sediment at the.e site. ranged from about 200 to 700 mg/L during July and August
1985. Silt-elay percentagea (47-62 percent) are about the same a8 for sand (38-53
percent).

The Chulitna River i. the most affected by glacier runoff; glaciers cover 27
percent of the drainage ar.a. Summer concentrations of suspended sediment in the
Chulitna River are typically more than twice 8S high (l J OOO to 2.000 mg/L) 8S those
for either the Su.1tna or Talkeetna Rivers near Talkeetna. Silt-clay percentages
are significantly higher (63-79 per~ent) than thosa for sand (21-37 percent) during
stora and glacier-runoff periods.

Suapended-eediment data obtained at the sampling site designated Susitna River
below Chulitna River near T4llteerna (map N08. 9 and 10 for the right and left
channels. respectively) are representative of the ~ombined diecharge of the Susitna
River Dear Talkeetna and Chulitna River below canyon near Talkeetna (map No. B).
The site, about 1 11:1 below the confluence of the Chulitna and Susitna Rivers.
includes two ..jar chaDDeI. (separated by a stable. vegetatad island) and several
~or channels. At this site. the right channel (as viewed looking downstream) of
the Susitna River carrie. the entire flaw of the Chulitna River along with smaller
but varying amounts of "crossover" flow from the Susitna'g left channel.
Suspended-sed1ment concentration 8!ld water discharge for the right channel were
.evera! times higher than that of the left channal during July and August 1985.

Suspended-sedillent conc::en.trations for the Susitna lliver at Sunshine ranged from
about 900 to 1,700 ..It during July and August 1985. Suspended-8ediment
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concentrations at this site represent the result of the mixing of water from the
Chulitna, Susitna, and Talkeetna Rivers.

The Yentna River, which a drains an area of 6,180 mi2 (above the gaging station),
is the largest tributary to the Susitna River: Concentrations of suspended
sediment in samples collected in July and August ranged from 600 to 800mg/L.
Concentrations for the Susitna River at Susitna Station (500 to 800 mg/L) fall
within the range in concentration for the Yentna River and Susitna River at
Sunshine. The percentage of silt-clay material for these three sites was
consistently higher (61-79 percent) than that for sand (21-39 percent).

Suspended-sediment concentrations and water discharge usually decline during
September and October as cooler weather reduces the melting rate of high-altitude
snowpacks and glaciers. In 1985, a moderately large storm occurred during this
period, and sampled concentrations at the sites Susitna and Talkeetna Rivers near
Talkeetna were variable, ranging from 69 to 503 mg/L. Concentrations for the
Chulitna and Yentna Rivers declined substantially below summer values but remained
greater than 300 mg/L in September. By mid-September the percentage of silt-clay
material (34-46 percent) was less than that for sand (54-66 percent) at most sites.

Relation Between Suspended-Sediment Discharge and Water Discharge

A common method for analyzing sediment-transport characteristics at a site is to
construct a relation of sediment discharge versus water discharge. This relation
is usually illustrated as a plot on logarithmic paper and is referred to as a
sediment-transport curve. Data for May to September 1981-84 reported by Knott and
~ipscomb (1983 and 1985), and by Knott and others (1986), and data given in this
report were used to develop sediment-transport curves for the silt-clay and
sand-size fractions of suspended sediment for the Susitna, Chulitna, Talkeetna, and
Yentna Rivers (figs. 2-8). Historical data (U.S. Geological Survey, 1953-85) were
used to extend the curves for extreme high and low flows. Transport curves of
suspended-sediment discharge were developed by first dividing the total range of
water discharge into small increments and then averaging both water discharge and
suspended-sediment discharge for each increment (Colby, 1956). For flow ranges at
which the trend of the data points appeared to define a straight-line relation on
logarithmic graph paper, the line of best fit was computed using the least-squares
method.

The relations between water and suspended-sediment discharge, for all sampling
sites in the Susitna River basin, follow a linear-logarithmic trend during the
open-w~er season (May to September). The relation is in the form of the equation:
Q = aQ , where Q is suspended-sediment discharge, in tons per day; Q is water
d!scharge, in cubfc feet per second; and a and b are constants. The rate at which
sediment discharge increases relative to water discharge is defined by the exponent
"b". The constant "a" can be considered as an indicator of the amount of sediment
transported at a given water disch~rge. For example, if the exponents "b" for two
rivers were similar, the river having the larger value of "a" would transport more
sediment at the same water discharge.

8
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Transport curves of silt-clay d18charge indicate that silt-clay discharge increa•••
with water discharge at exponential rates ranging fram 2.37 to 3.18. The largest
exponential rates occur for sites on the Sus1tna River below Chulitna Rival',
Susitna River near Talk.etna, and Talke.tna River near Talk.etna. The increase 1n
silt-clay discharge with 1ncreaa1n~ water discharge is considerably smaller for
sites on the Yentna River and Susitna River at Susirna Station.

Transport curves of suspended-sand discharge indicate a greater variation in
exponents than tho•• for silt-clay discharge. Exponents range from 1.55 to 3.54.
A trend of decreasing exponents With distance downstream from Talkeetna also occurs
for the transport of suspended sand. Exponents for sites on the Yentna and Susltna
Rivers near Susiena Station are also ~ll relative to those for upstream sites.

Transport curves of total suspended-sediment discharge for winter per10ds (October
to April) (f1gs. 9-15) were prepared from historical da~a ob~ained in O.S.
Geological Survey Water-Data reports (1953-85). Suspended-sediment d&ta available
for winter months are few. and most relations between water and suspended-sediment
discharge tor October to April periods are not well defined.

Bedload Discharge and Hydraulic Characteristics

Bedload and hydraulic data obtained for the sa=pling sites during the 1985 water
year are summarized 1n table .3. Bedload data are ~r8saed both as discharge in
tons per day •. and in terms of their partfcl~8i,u distribution in percent fin.r
than the indicated sieve size.

Winter samples (under ice cover) of bedload have been collected several times at
all sites - in March 1983. in February 1984, and in February and April 1985.
8edlaad discharges computed trom samples collected in February and March probably
indicate near-minimum ratea of transport. because these are the months of minimum
str~am£low. Winter bedload di.~arges at the upper sites -- Chulitna. Susfrna. and
Talkeetna Rivers near Talkeetna - r8Dged from zero to about 15 ton/d. Downstream
from the confluence ot the Chulitna and Sueitna Rivers. bedload discharge is
significantly grester. Bedload diacharge et the lower sites during Pebruary and
April ran~ed from 15 to 130 ton/d. Bedload at all sites was pred~antly sand
during the winter.

During the 1985 open-water period (May to September) t bedload discharge of the
Sua1tna River near Talkeetna ranled f'r01ll 67 to 590 tOT1/d (~abl. 3). During this
same period, water discharge ranged from 14.300 to 46,400 ft~/8. The transported
material consisted primarily ot sand (84-100 percent) and les8er amounts of gravel
(0-16 percent).

Bedload d1achat'ge of the Chulitna River b.low the canyon r-.oged from 3,590 to 6.990
ton/d and vater discharges from 14,300 to 39.000 fts/s. During low-flow periods in
September, the particle-size distribution ot bedload on th. Chulitna River tended
toward a high percentage of sand (51-66 percent). Gravel was the primary
constituent of the bedload (58-73 percent) during spring and the summar.
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During the open-water period, bedload discharge of the Talkeetna River near
Talkeetna ranged from 384 to 1,850 tonld for water discharges ranging from 5,900 to
17,100 ft 3 Is. Typically, bedload at this site consisted mainly of sand (53-92
percent) • The percentage of gravel exceeded that of sand only during the high
flows of May 28 and August 15, 1985.

Bedload discharge at Susitna River below the Chulitna River was measured separately
in each of two major channels about 1 mi downstream from the confluence. Bedload
transport rates in each channel roughly correspond to rates measured at upstream
sites on the Chulitna and Susitna Rivers near Talkeetna. A large part of the water
discharge, however, crosses over from the Susitna River and mixes with flow
originating in the Chulitna River. Bedload transport rates in the right channel
are similar to those measured at the upstream Chulitna River site. Transport rates
ranged from 680 to 5,530 tonld with gravel constituting about 50 to 90 percent of
the bedload. The percentage of sand was higher than gravel only on September 4
during a low-flow period. Bedload rates in the left channel are typically much
lower than those in the right channel and are similar to those measured at the
SusitnaRiver near Talkeetna. Bedload ranged from 135 to 1,030 tonld, with sand
composing about 80 to 90 percent of the material.

Bedload discharge of the Susitna River at Sunshine ranged from 584 to 2,590 tonld
at flows ranging from 46,900 to 76,500 ft 3 ls. No samples representative of very
high or very low flows were obtained during the open-water period at this site.
During the summer, sand generally constituted from 60 to 90 percent of the bedload
discharge. The percentage of gravel was larger (56-69 percent) on September 16 and
May 31.

Bedload discharges during 1985 for the Yentna and Susitna Rivers near Susitna
Station were considerably higher than those for any of the other sites. The Yentna
River transported from 4,360 to 13,300 tonld of bedload, most of which was sand
(85-96 percent). The Susitna River at Susitna Station transported bedload at rates
ranging from 4,690 to 20,900 ton/d. This material was also predominantly sand
(62-93 percent).

Relation Between Bedload Discharge and Water Discharge

It is generally assumed that bed material is furnished to a stream in quantities
that are larger than the capacity of the channel to transport the material and that
the stream will transport the load at capacity (Einstein and Johnson, 1959). Most
theories of bedload transport are based on the assumption that bedload discharge is
a function of water discharge, and that as the discharge increases the bedload
discharge will also increase. A few recent studies, however, suggest that if the
supply of transportable sediment is not uniformly distributed along a reach of the
river an inconsistent relation between bedload transport and water discharge can be
expected (Klingeman and Emmett, 1982). Klingeman and Emmett discuss the occurrence
of transport-loop relations during transient runoff events as bed material is moved
from storage areas (large supplies of sediment) to sampling sites. Meade (1985)
discusses the movement of bedload sediment as a wavelike pulse by which bedload is
moved from storage areas through riffles to storage areas farther downstream.
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Th. bedload-transport relatioDs for streams in the Susitna River basin. formerly
thought to b. poorly defined, seem to agree very well with the relations described
by the above authors. ~.dload-transport data for all the sampling sitee in this
study ahow a varying degree of scatter. depending on the supply of transportable
sediment at the sampling site, the supply available in upstream storage areas, and
water discharge.

Transport curves of bedload discharge were generally developed by first dividing
the total range of water discharge into small increments and then averaRing both
water discharge and bedload discharge for each increment (Colby, 1956). If the
trend of the data points appeared to define a straight-line relation on a
logartthJl1c scale. the line of best fit was computed using the least-squares
method. If the scatter vas large and no reasonable relation was apparent. a
loop-type relation was assumed and an average relation vas developed by visually
fitting a line to the data.

Bedload-discharge data for the study period (1981-85) were divided into components
of sand and gravel discharge. The relations developed for each component are shown
in figure. 16 through 22.

Bedload-discharge data representative of the upper Susitna River were obtained at
two aites. Most of the data were collected at Sus1tna River near Talkeetna (No. 6
on map) during the period 1982-85. Three measurements of bedload discharge were
made at Gold Creek (No.3) in 1981. The river reach between the sites and the
reach extendinB about 10 1Il1 upstream frQ1l" , Gold, Creek. consists of a straight.
uniform channel or split channels separated by stable, vegetated islands. The few
gravel bllrs present are unstable and shift after floods (R and M Consultants,
1985) • The riverbed 18 generally armored by cobbles and su.all boulders. The line
of best fit, computed by the least-squares method, provides a reasonable relation
between bedload and water discharge for the Susitna River near Talkeetna (f1g. 16).

Bedload-discharge data for the Chulitna River also were obtained at two sites. In
1981, the measurements were made at the gaging station. In 1982, the sampling site
was moved to a location 4.0 lid dowuatrsam. The Chulitna River. upstream from the
site "Chulitua River below canyon" (No.7), flows through a narrow canyon for about
8 mi. The river varies in width from about 300 to 600 ft and flows in a relatively
straight, 81ngle ehannel. The channel is constricted by bedrock in the nanow
reaches and armored with eobbles to small boulders in the wider reaches. About 100
to 150 ft of the channel width (center) commonly ~onsists of sand and gravel.
Upstre82ll from the canyon the river divides into numerous braided channels. !he
braided reach varies in width frOID. 1.000 to 7,000 ft and extends for a distance of
about 20 mi. Stora.e of sand-and gravel-size material in the braided reach is
eatfmated to be in pcese af 100 times that within the canyon reach.

Bedload data for the Chulitna River site have an extremely large scatter (fig. 17)
relative to other streams 111 the basin. the distribution of the data is unusual in
that bedload appears to increase with increasing discharge at relatively low flows.
decreases abruptly, incr....es at higher flows. decreases abruptly again. and
finally increases again at still higher flaws. This cascading-type of pattern,
which occurs for both sand- and gravel-size materia1~ suggests that the supply of
this transportable bed saterial is limited and that the river generally transports
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sand and gravel at less than capacity. If the extreme variability in bedload
discharge is assumed to be due largely to changes in supply, the river will
transport sand and gravel at "above average" rates (upper curve on top part of fig.
17) when the supply is large and at lower rates (lowest curve on top part of fig.
17) when the supply is small. Recent work by Emmett and Klingeman (1982) seems to
apply to the Chulitna River. Their studies indicate that, if a large part of the
transported bed material originates in upstream storage areas, the occurrence of a
transient runoff event can temporarily deplete the stored bed material at the
sampling site and bedload transport will decrease. When sufficient time passes,
bedload transport increases and large amounts of bed material continue to move past
the sampling site for a long time into the streamflow recession period.

The previously discussed concepts of a variable supply of bed material were used to
develop some approximate relations between bedload discharge for the Chulitna River
site. The scatter of data for this site is such that the definition of one or more
relations is subject to individual interpretation.

Three relations are estimated for the transport of sand and gravel at the Chulitna
River site. The transport relations for high flows (greater than 29,000 ft 3 /s)
assume that the supply of sand and gravel at the sampling site is rapidly depleted
during storm events and that a minimum supply exists. The transport curve for high
flows'is probably indicative of bedload transport in the canyon if no large storage
areas existed upstream.

River-reach characteristics upstream from the site "Susitna River below Chulitna
River" are complex. The reach upstream from the right channel (No.9) consists of
numerous braided channels that shift daily. The reach is about 4,000 ft wide and 8
mi long. The reach upstream from the left channel (No. 10) is narrower (2,000 ft)
and less braided. It extends for a distance of only about 2 mi above the
confluence of the Susitna and Chulitna Rivers.

Bedload data for the Susitna River below Chulitna River (fig. 18) have a large
scatter, but the data indicate a rough trend of increased bedload with increases in
discharge. The relations between sand and gravel discharge and water discharge
were obtained by least-squares analysis.

Upstream from the sampling site the Talkeetna· River follows a meandering course
through unconsolidated glacial-moraine deposits. The flow is generally divided
into several channels. Gravel bars are numerous, but do not account for a large
supply of bed material. The nearest source of a large supply of bed material
occurs in braided reaches near glaciers about 40 to 50 mi upstream.

The scatter of bedload data for the Talkeetna River (fig. 19) shows several of the
same trends as described for the Chulitna River. The supply of sand and gravel is
limited and bedload discharges decrease and appear to follow a separate relation
for flows greater than 17,000 ft 3

/ s. Sand discharges seem to occur in separate
groups that follow similar trends depending on the available supply. Three
relations between bedload and water discharge are estimated for the transport of
sand and one relation is estimated for the transport of gravel.
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The ~1ver reach upstream from Susltna River at Sunshine varies 1n width (1.000 to
5.000 ft) and 1s braided from about 1 m1 upstream from the sampling site to the
~onfluence of the Chulitna and Sus1tna Rivers. The sampling section 18 lev.ed on
one bank and 1s confined by riprap boulders on the other. Most of the riverbed
consists of sand and gravel.

With a 98.m1ngly inexhaustible supply of sand and gravel upstream. the river would
be expected to transport thls material at near capacity ratR8. Th. scatter of
data. however. is large (flg. 20) and suggests an luconalstent relation of bedload
to water discharge. The average relations developed for this site are based on the
assumption that the higher bedload discharges are due to non-uniform eroslon OJ:
transpoJ:t conditions upstre8rD from Sunshine. These conditions m.ay include major
shifting of river channels or bed material waves originating from large upstream
storage areas.

Only 2 years ot bedload data are available for the sampling sites 00 th. Yentn8 and
Susltna Rivers near Susitna Station. Only one relation 1s developed for each of
these 8ites. Ther~ are, however. indications that inconsistent relations apply to
bedload discharge. The average relations are based on the same asswttpt10ns used
for the Su-1toa River at Sunshine.

TRENDS IN BEDLOAD DISCHARGE, 1981-85

The transport J:Rlations developed for four sampling sites (figs. 16-17 and 19-20)
were used to conjunction with records of daily water .discharge to construct graphs
of average sand and gravel discharge for the period f981-85 (figs. 23-26). Values
of measured bedload di8charge plotted on the graphs show reasonable agr••ment witb
the computed value. during extended periods of low to moderate flows • Me8sur~d

values show poor agreement with the computed values. bowever. for periods
coincident with and following major storm runoff.

Measured bedload discharges appear to follow a cyclical pattern ei.m.ilar to that
described by Klingeman and Emmett (982) for bedload tJ:ansport behavior during
transient runoff events. Their analysis indicated that in river reaches where the
supply ot transportable 8ediment was not uniformly distributed, the sediment supply
at a sampling site d~tream from an area in which large amounts of transportable
sediment were stored would be depleted during the rising stage of storm runoff.
This depletion in supply would result in reduced bedload dischargelll. During th.
recossion stage of storm runoff. the supply of transportable sediment at the
aampliDg aite would be replaced by sediment scoured from the up8t~eam storage area
and bedload discharges would increase.

Sand and gravel data for the Chulitna, Susitna, and Talkeetna Rivers (figs. 23-25)
8ug~est that the available supply of this material is severely depleted dUring
periods of high runoff. Measured bedload discharges for these periods are
generally a small fraction of average bedload discha~ge values computed from the
tr8I1l1port relations. Sand and gravel data for the Susitna and Talke.cna Rivers
(figs. 23 and 25) agr.e reasonably well with the computed values during periods of
law to intermediate flows. Above-average discharge of sand and gravel occ&8ionally
oc~urs at th. Talk.etna River site following major storm runoff.
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Extreme cyclical fluctuations in sand and gravel discharge at the Chulitna River
site (fig. 24) are attributed to the effects of huge sediment storage areas located
about 8 mi upstream from the sampling site. Depletion of the sediment supply seems
to occur rapidly at the sampling site during periods of high runoff. Enrichment of
sediment supplies generally occurs a few weeks after peak flow and reaches a
maximum about 20 to 40 days after the peak.

Longer term changes in sand and gravel supply also seem to occur after extremely
large floods such as those that occurred in July and August 1981. Following
periods of severe depletion in July and August, the sediment supply increased
substantially in September 1981 and generally remained high through July 1982.
Another large storm in July 1982 resulted in another cycle of sand and gravel
depletion during high runoff. The supply of sand and gravel was then increased in
August 1982. Additional cycles of depletion and enrichment are indicated for
September 1982 through June 1983, August and September 1983, August and September
1984, and August and September 1985.

Cyclic trends in bedload discharge are also apparent foT the Susitna River at
Sunshine (fig. 26). The closer proximity of the sampling site to upstream storage
areas, however, probably results in less depletion of sand and gravel supplies
during periods of high runoff. Supplies of sand and gravel at all four of the
sampling sites appear to have increased in June 1982 and then followed a general
decline in succeeding years.

BED MATERIAL

A few samples of bed material were collected during 1985. Analyses of these
samples are listed in table 4. Representative samples of bed material were
extremely difficult to obtain in submerged parts of the channels because the rivers
were too deep and swift for direct access to streambeds. Samples considered
representative of particles finer than 128 mm, however, were obtained at most of
the sampling sites.

ESTIMATED SEDIMENT LOAD

The sediment load passing a site is commonly expressed in terms of weight (short or
metric tons) or volume (acre-feet or cubic meters). Sediment loads may be
estimated by different methods, depending on the amount and type of available data.
If daily records of streamflow are available, but sediment discharge has' been
measured only infrequently, the method most commonly used requires defining a
relation between instantaneous sediment discharge and water discharge and applying
this relation to daily values of water discharge. This method was used to estimate
suspended-sediment load for this study.

Relations between bedload and water discharge are inconsistent at most sites and
development of more than one relation is subjective. The inconsistent relations
are believed to be due to non-uniform supplies of bed material in river reaches
upstream from the sampling sites and limited supplies of material.
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The 1ROSt critical relations concern the amount of sand and gravel transported
during high flows. The supply of this material appears to be limited at all of the
sampling sites near Talkeetna. Extrapolation of the average transport curves
results in estimates of badload discharge that are 4 to 17 times that of the
measured data during periods of high flow. Estimates of monthly bedload discharge
for these sites ax:e based an the assumption that bedload discharge does not
increase above the upper limit of the transport curves shown in figures 16-19.

The second type of inconsistent relations concerns the occurrence of high bedload
discharges during rece8s1otl tlo;,rs. These high bedload discharges probably occur
during periods of modarate flow as well as during maj or floods. A detailed
assessment of the frequency of occurrence or duration of these higb bedload
discharges is beyond the Bcope of this study. The transport curves. representative
of higher than average bedload transport (figs. 17. 19-20). were not used to
8stimate monthly bedload discharge for the 1985 water year.

Estimated total sediment loads for the 1985 water year are summarized in tab18 5.
Monthly and annual loads are given for four sites on the SusitDa River and for one
site on each tributary. the Chulitna. Talkeetna. and Yantna Rivers.

Total sediment load (sum of suspended load and bedload) of the Susitna River
increases fra. 3.3 ~llion tone in the middle reach of the river near Talkeetna to
about 31 million tons near the mouth at Susitna Station. The Chulitna. Talk•• tna.
~ Yentna Rivers a¢count for most of the increase, contributing 7.9. 1.8. and 13.6
million tons, respectively.

Suspended-sediment load of the Susitna River and its tributaries ranged from about
88 to 98 percent of the total load in 1985. A large part of the suspended load
consisted of silt-clay size maceriAl (table 5) which 18 eas1ly held in suspension
and generally is transported large distances at nearly the same velocity 8S the
flawing water. It ia unlikely that any appreciable deposition occurs in the reach
from Talkeetna to Suaitna Station as the monthly amount of silt-clay size material
transported at upstream .ites is about the same as that transported at downstream
8itaa. Similar comparisons for suspended-sand loads also show a fair agreement in
the amount of this material transported at upstream and downstream sites.

Bedload. which generally ~on8ist8 of medium sand to very coarse gravel (0.25-64.0
mm) at most sites, is subject to large variations 1n transport rate. depending on
flaw eharacteristics and the available supply of coarse sedim.nt.

Annuel bedload traDJIport at the various sampliDg sites 1n
70.000 to 1.6 m1.l1ion tons. Annual bedload wa. smallest
Ta1keetna and largest at Sueitna River at Sus1tna Station.
accounted for about 75 tD 80 percent of the total bedload.

S1JMMJ\RY AND CONCLUSIONS

1985 ranged from about
at Sus! tna River near
Medium to coarse sand

Th. total sedt.ent load of the Susitna River near its mouth (at Sus1tna Station)
during the 1985 water year was estimated to be about 31 million tons. This
.stimate and estimaCe. of 8edimant load for other sites on the Susitna River and
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its tributaries are based on measurements of suspended-sediment and bedload
discharge made during the 1981-85 water years. Suspended-sediment relations for
1981-85 are representative of similar hydrologic conditions -- most data were
collected during 4-day sampling periods. Suspended-sediment data collected prior
to 1981 were used for various sites where the 1981-85 data were insufficient to
develop an adequate relation between water and suspended-sediment discharge.

Estimates of total sediment load for the major tributaries to the Susitna River and
the Susitna River near Talkeetna site account for most of the sediment passing
Susitna Station. The Yentna and Chul:f.tna Rivers contributed about 21 million tons
of sediment, or 70 percent of the total for the 1985 water year. The Susitna and
Talkeetna Rivers accounted for an additional 5 million tons during the same period.
The combined drainage area of the above sites is about 17,000 mi 2 , or 88 percent of
that for the Susitna River at Susitna Station.

Relations developed between water and suspended-sediment discharge generally
provide a reasonable fit to the data except where too few data are available
(winter relations). The most reasonable relations are shown as solid lines.
Relations based on sparse data are shown as dashed lines.

Relations developed between water and bedload discharge are less consistent than
those for suspended sediment. The inconsistent relations are believed to be due to
nonuniform and (or) limited supplies of bed material in river reaches upstream from
the sampling sites. At some sampling sites, the supply of material is temporarily
depleted during transient flows and bedload discharges decrease dramatically.
Bedload discharges increase after major storms and commonly reach maximum values
weeks after peak flows.

REFERENCES CITED

Colby, B.R., 1956, Relationship of sediment discharge to streamflow: U.S.
Geological Survey open-file report, 170 p.

Einstein, H.A., and Johnson, J.W., 1959, The laws of sediment transportation, in
Applied sedimentation: New York, John Wiley, p. 62-71.

Emmett, W.W., 1980, A field calibration of the sediment-trapping characteristics of
the Helley-Smith bedload sampler: U. S. Geological Survey Professional Paper
1139, 44 p.

Guy, H.P., and Norman, V.W., 1970, Field methods for measurement of fluvial
sediment: U. S. Geological Survey Techniques of Water Resources Investiga­
tions, Book 3, Chapter C2, 59 p.

Hartman, C.W., and Johnson, P.R., 1978, Environmental atlas of Alaska (2nd ed.):
University of Alaska, Institute of Water Resources, 95 p.

Helley, E.J., and Smith, Winchell, 1971, Development and calibration of a pressure­
difference bedload sampler: U.S. Geological Survey open-file report, 18 p.

Klingeman, P. C., and Emmett, W. W., 1982, Gravel bedload transport processes, in
Gravel-bed rivers: New York, John Wiley, p. 141-169. --

Knott, J.M., and Lipscomb, S.W., 1983, Sediment discharge data for selected sites
in the Susitna River basin, Alaska, 1981-82: U.S. Geological Survey Open-File
Report 83-870, 45 p.

16



1985, Sediment discharge data for selected Bite~ in the Susitna River
basfn, Alaska, October 1982 to February 1984: u.s. Geological Survey Open­
File Report 85-157. 68 p.

Knott. J.M.. Lipscomb. S.W., and Lewis. T.W., 1986, Sediment transport charac­
teristics of selected streams in the Sus1tna River basin, Alaska, October 1983
to September 19841 U. S. Geological Survey Open-File Report 86-424W, 73 p.

McNeil. W.J •• and Ahnell, W.R., 1964, Success of pink salmon spawning relative to
size of spawning bed materials: University of Waebington, Fisheries Research
Institute Report 469, 14 p.

Meade, R.H •• 1985. Wavelike movement of bedload sediment. East Fork River. Wyoming:
Environmental Geology and Water Science. v. 7, no. 4, p. 215-225.

National Weather Service. 1972. Mean annual precipitation--inches: National
Weather Service (Alaska). map.

Rand M Consultants, 1985. Susttna hydroelectric project effects on navigation:
Alaska Power Authority Document No. 2746, 112 p.

Searby, R.W•• 1968. Climates ot the States -- Alaska: Environmental Data Service
ESSA, Climatology ot the United States. No. 60-49.

Selkragg. L.L., editor. 1974.' Alaska regional profiles '- 8outhc:~tral region:
University of Alaska. Arctic Environmental Information and Data Center, 255 p.

Still, P.J •• and Jane•• R:.V •• 1985. Aluka index: Streamflow and water-quality
records ~o Septambar 30, 1963: U.S. Geological Survey Open-File Report
8.5-332,173 p.

U. S. Geological. Survey. 19.53-85, Wat.er rasources data for Alaska, water years
1952-84: u.s. Geological Survey Water-Data Reports, published annually.

17



500,000 I I I I I I I I I I I I i I Ii Ii I

-i
-l

•

Qsand = 2.07 x 10-12 Q3.54

LJ 1952-85 (Susitna River at Gold Creek)
• 1982-84} (Susitna River near Talkeetna)
01985
6. Stream discharge
Qs+c Silt-clay discharge
Qsand Sand discharge

Qs+c = 6.97 x 1O~10 Q3.00

50, I I , I I I I II I I I I I I II I
1000 -- --- .~~ ~~

100

1000

10,000

100,000

'~

>-
~
Cl
[t:
w
a..
en
Z
0
I-
Z

w·
C)
[t:

~
::I:
U
en
Cl
I-
Z
w
:::2
Cl
w
~
Cl
w
Cl
Z
w
a..
en

',. :::>
.~. en

"'
•
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Figure 26.--Variability of water and bedload discharge for Susitna River at Sunshine, May to September, 1981-85.
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Tilble 1.-8ummary of atreamJlow and sediment data for aelected stationa in the SUJlitna River basin
[From Still and Jones. 1986 and U.S. Geological Survey, Alaaka DiBtrict,files]

6l'atll&l.
Ma, 110. ...e. Pu104
(Us. 1) St.t1DO m.bu· St.tiem lI.UIe (aqpr. aLb) n.u tn' of r.c:.ol'll

'25000149223500 ,ort••• Cr••k D.ar Gold Crull hr...flov l~'
I ..qnwIeel ••d t.lftI r 19&4
IHlc.d 1986
,eel ..r.tul 1984

2 62'718149393600 ladi~ Cr..k na.~ Gold C~••k Stn_flev 19&4
SCl~ded ..dt.Mut 1984
,"load U&4
leel ..urid 1984

J 152.2000 Su.t~ .t~ .t Gold CT,.II 6. \60 Str...flev 1949-85
Su~.d ••dt..af 1952-57, 1961. U67, 1974-1
Bedload 1981
~_ ..uri,l 1981

4 Su.ttn, Riv.r at river ~l. 122.7
II'... Sh<Ir-1I C"..lr ".d ..uM"al 1984

S Sudtu J.iv....t riY.r ..0. 125.6
ae.r Skull Cre.k lad ..farial 1984

6 15292100 Su.iQ,a 1l1".r oqr Talk.... tua 6.320 8tt.alleN 1982-85
Iu~ed ••eU••Dt 1962-85
BedlGa41 1982-85
I" _un.l 1982-85

7 152'2400 CbUli~ _iveT ~ar Talk... tna 2,510 Sttuall"" 1938-77, 197'-8S
Sla~nclac! .edtaent 19'1-71, 1980-85
hoi1cad 1981
__ ..ur1..d 1'81

• 152'2410 ONUna lUVIT bdOll ca~OD 2,5AO Str...nov J '62-35
Mer Talk....m. Su~ed ••dt.eDt 1982-85
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....urial 1982-85, 1.529'419 aDd SUIt hie 1.1-..r b4tlev Cb1Ili t'aa 8,950 Stnallow 1983-85

10 15292440 llYn' ~r Tellt..~ ~ac! Mtlt.lftIt 1983-f5
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13 1:529434S 'ntllA It.b'er lI.n SWliC'Da Stu:! DII ',l~O Stn_flow 19f1o-t5
$a~.a aedtanr 1981-85
led1oed 1984-85
......t.r1al 1984-65

14 U294HO 8'oIoit_ Ii..r .t Suaieu Suti_ 19.400 Itr.-f lov 1974-85
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Table 2.--Suspended-sedimEmt data for selected stations in the Susitna River basin, October 1984 to September 1985
[fts/s, cubic feet per second; °c, degrees Celsius; mg/L, milligrams per liter; ton/d, tons per day]

1. 000

Suapended s ed f merrt
>;c Percent f i ne r th an aiz e indi cated, i n mill Imetera

n n n. 0 .004 0.008 0.01 6 0. 031 0 . 062 0. 125 0. 250 0 . 500

Sediment
Water coneen- Se di men t

Hap No. Stati on name Da t e of 01s char ge t empera- trati on df scharae
(f ig . I ) and number collecti on ( f t ' / a ) ture ( OC) (mg/ L) ( ton/ d) u. uu.

3 Su s f t na River
a t Gold Creek
(15 292000)

May 29
June 27
J uly 24
Aug. 28
Sept. 24

29 . 800
25 ,500
14,700
14,400

610
419
435

97
38

33,700
29 , 900

3,850
1,480

3
20

7
27 34

15
42 50

33
35
58
69
36

46
49
67
77
47

58
74
83
89
70

97
99
99

100
98

100
100
100

100

6 SuaHna River
near
Talke etna
(152 92100)

May 29
J une 26
July 26
Aug . 13
Sept. 6
Sept. 19

46,000
30,900
21,000
30 , 000
14 ,2 00
18, 900

4.0
9 . 0

12.5
9 . 5
7. 5
3. 5

703
251
310
474

69
110

87,3 00
20 , 900
17, 600
38 ,400

2,6 50
5,610

6
5

25
8

24

9
8

29
12
34

41
18
43

18
22
50
25
52

56
35
62

37
47
62
47
68
43

54
62
70
65
74
50

84
81
88
87
85
78

99
100
100
100
99
99

100

100
100

8 Cbul l t na River May 31
bel ow canyon Jun e 27
nea r Jul y 24
Talkee t na Aug . 16
(15292410) Sept. 5

Sept . 17

18, 000
22 , 700
24 , 600
38,900
13 , 800
18 ,200

2. 0
6 .5
6 . 5
7. 0
4 . 5
3 . 0

594
1, 240

985
1,920

410
544

28 ,900
76 ,0 00
65 ,400

202 , 000
15, 300
26 ,700

12
19
28
18
22
16

18
29
40
26
31
23

25
40
52
35
41
30

33
53
64
43
50
36

43
71
72
53
57
42

53
80
79
63
64
49

64
91
84
74
69
58

82
99
92
89
80
76

97
100
98
97
96
99

100
100
98

100
100
100

~
-.l

10

Sus l tna River May 30
be low Cbul i t na Ju ne 25
Rive r (r igh t July 25
channel) near Aug. 15
Tal keetna Sept . 4
( 1529243 9) Sept . 18

Susltna River May 30
be low Chul i t na J une 25
Ri ve r ( l e f t July 25
chann el ) nea r Aug. 15
Talkeetna Sept . 4
(15 292440) Sept. 18

34 ,000
31,500
33 , 700
39,000
26,000
27, 000

24 , 000
14, 400
13, 600
25 , 000

9,800
10,000

2 . 5
7. 5

10. 5
7.5
8 . 0
3 .5

3 .5
9.0

12.0
10.0
10.0
4.0

912
591

1,1 20
3,400

365
388

554
193
390
508
126
222

83, 700
50 ,3 00

102,000
358 ,000

25 , 600
28 , 300

35 ,90 0
7, 500

14, 300
34 ,3 00

3,330
5 ,990

9
20
23

9
10
12

7
22
11
21

14
29
33
15
19
17

13
31
16
29

20
38
45
22

41
23

28
46
55
32
39
28

26
49
33
52

38
54
64
45

58
45

52
64
73
69
53
39

37
40
63
58
70
40

66
73
76
85
60
45

50
47
72
71
77
48

81
85
84
92
64
65

80
74
91
93
92
83

99
98
98
98
93
96

100
100
100
100
100
100

100
100
100
100
100
100

11 Talke e t na
Riv ~ r nea r
Talkeetna
(15292700)

J an. 11
Jo1 ay 28
May 30
J une 26
.July 25
Aug . 15
Aug. 29
Sept. 5
Sept. 16

712
17 ,100
12 , 600
9,320
9 ,730

15, 900
6 ,8 00
5 ,860

13,900

0.0
3 .0

6 . 0

8 .5
8 .5
8 . 0
6. 0

2
607
409
146
418
680
192
181
503

3 .8
28 , 000
13, 900

3 ,67 0
11, 000
29 ,2 00

3 , 530
2 , 860

18,900

5

14
11

9

20
18

27
25

19

35
34

42
43

39
18
26
50
52
22
19
34

56
30
38
60
63
33

49

83
67
64
85
81
55

81

95
94

100
99
96
97

99

100
100

100
100
100

100

12 Suai tna River
at ~u IlBh 1 n e

(15292780 )

Harch 19
tfay 31
June 25
J uly 23
Aug. 12
Sept . 3
Sept. 16
Sept. 24

4,000
66 ,6 00
55, 600
72,200
67,700
46 ,400
75, 700
36,800

0.0
3 . 5

11.0
8.5

6.5
4 . 0

21
560
333
912

1, 680
381
710
199

227
101,000
50, 000

178, 000
307 ,000

47 ,700
145, 000

19 ,800

6
15
18

8
16
11

6

9
23
27
13
25
17
9

32
36
20
33
23

19
39
46
32
41
32
19

48
53
52
49
42

48
35
57
64
73
57
56
34

65
52
65
72
88
66
73
46

83
83
80
88
96
83
93
78

100
99

100
100
100
99
99
99

100

100
100
100

13 Yent na Riv er
ne a r Stl fd t na
Sta t io n
(J 5294345)

!'lay 23
J une 20
J ul y 17
Aug . 14
Aug. 19
Sept. 18

23 , 100
42,800
53, 700
52 ,600
39 , 800
22 , 700

5.0
8.5

10.5
9 . 0
8 . 0
4 . 0

494
322
784
657
669
355

30 , 800
37 ,200

114, 000
93,300
71 ,900
21,800

21
17
20
14

30
25
29
19

40

38
23

22

49
42
47
, 6

57

55
30

52
34
64
61
63
35

76
48
73
72
73
44

98
83
87
90
89
72

100
100
100
100
100
99 100

14 Sus 1tnEl Riv er
At SUfdtna
Sta t ion
( 15294350)

!'la r ch 27
!'lay 24
Jun e 21
J uly 18
Aug. 14
Aug. 20
Sep r , 19

6,020
65,000
95 ,700

116, 000
137 ,0 00
101,000
85 , 000

4 . 5
9 . 0

12. 5
9. 5

4 . 5

4
958
272

, 656
762
496
306

65
168, 000

70, 300
205 ,000
282,000
135 ,000
70 , 200

4
11
26
14
20
11

6
17
38
21
29
15

50
29
39

16
31
61
37
48
28

70
49
57

79
45
47
79
61
68
46

65
58
86
74
80
64

90
86
97
91
97
94

100
100
100
100
100
100
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Table 3.--Hydraulic and bedload data for selected stations in the Susitna River basin, October 1984 to September 1985
[ft3/s, cubic feet per second; ft/s, feet per second; ton/d, tons per day; mm, millimeters]

'Water Average Average Bedload Particle-size distribution of bed sediment
Map No. Station name Date of discharge depth Width velocity discharge Percentage. by weight. finer than size (mm) indicated
(fig. 1) and number collection (ft'/.) (feet) (feet) (ft/s) (ton/d) 0.062 0.125 0.25 0.50 1.0 2.0 4.0 8.0 16.0 32.0 64.0 ----i6.0

Susitna River Feb. 21 1,600 -- -- -- 0.04 -- -- 0 81 99 99 100
near May 29 46,400 7.8 658 9.0 590 -- 0 2 65 82 84 86 88 91 100
Talkeetna June 26 30,600 6.3 621 7.8 348 -- 0 1 72 94 95 96 98 100
(15292100) July 26 21,000 5.8 607 5.9 212 -- 0 1 82 99 100 -- -- --

Aug. 13 29,4.00 6.3 622 7.5 560 -- 0 1 68 88 89 90 91 91 100
Sept. 6 14,300 4.2 560 6.0 67 -- -- 0 70 98 99 99 100 --
Sept. 19 18,900 5.2 594 6.1 212 -- 0 1 75 94 95 96 96 100

8 Chulitna River Feb. 27 1,200 -- -- -- 1.1 -- 0 2 19 68 85 89 93 100
below canyon April 4 1,100 -- -- -- IS -- -- 0 6 76 85 98 100 --
near May 31 18,300 7.6 340 7.0 6,010 -- 0 1 12 35 42 53 71 82 95 100
Talkeetna June 27 22,300 8.6 345 7.5 6,990 -- 0 1 15 33 37 43 50 65 83 98 100
(15292410) July 24 23,600 9.2 345 7.4 3,590 -- 0 1 13 31 39 46 55 71 92 100

Aug. 16 39,000 11.1 395 8.9 4,670 -- 0 1 12 24 27 34 46 61 80 100
Sept. 5 14,300 7.4 338 5.7 3,900 -- 0 1 20 50 66 73 79 88 97 100
Sept. 17 18,200 8.2 340 6.5 6,020 -- 0 1 18 45 51 56 63 76 92 100

Susl tna River Feb. 10 1,300 -- -- -- 37 -- 0 1 10 20 24 29 38 49 57 100
below May 30 34,000 3.7 1,100 8.4 5,530 -- -- 0 9 18 21 25 40 67 92 100
Chulitna River June 25 31,500 4.3 810 9.1 3,610 -- -- 0 7 11 12 15 22 40 75 100
(righr July 25 33,700 5.0 940 7.2 2,740 -- -- 0 13 34 38 43 53 71 93 100
channel) near Aug. 15 39,000 3.3 1,660 7.1 2,440 -- 0 1 22 41 45 48 55 70 87 100
Talkeetna Sept. 4 26,000 4.6 820 6.9 680 -- 0 1 45 79 83 86 89 92 94 100
(15292439) Sept. 18 27,000 4.8 820 6.9 2,320 -- 0 1 25 43 46 52 59 72 96 100

10 Susitna River Feb. 20 1,600 -- -- -- 0.10 -- 0 3 58 92 99 100
below May 30 24,000 2.9 1,540 5.4 290 0 1 5 59 76 78 80 82 88 93 100
Chulitna River June 25 14,400 3.6 790 5.1 741 -- 0 6 80 90 90 92 92 93 96 100
(left channel) July 25 13,600 3,4 740 5.4 572 -- 0 2 62 78 79 80 82 86 96 100
near Aug. 15 25,000 2.7 1,700 5.4 1,030 -- 0 2 58 74 75 76 77 80 85 100
Talkeetna Sept. 4 9,800 3.2 540 5.7 135 -- 0 1 63 84 86 88 90 98 100 --
(15292440) Sept. 18 10,000 2.8 780 4.7 371 - 0 1 75 85 85 86 87 88 97 100

11 Talkeetna Feb. 28 490 -- -- -- 0
River near May 28 17,100 7.0 350 7.0 1,290 -- -- 0 8 .15 20 23 29 41 61 82 100
Talkeetna May 30 12,600 -- -- -- 1,570 -- 0 2 25 49 53 57 65 77 93 100
(15292700) June 26 9,420 5.0 340 5.6 384 -- -- 0 42 81 85 86 88 90 98 100

July 25 9,630 5.2 334 5.5 1,220 - 0 3 48 80 84 86 88 91 97 100
Aug. 15 15,800 6.6 342 7.0 1,850 -- 0 1 16 36 40 42 44 52 69 94 100
Aug. 29 6,860 4.3 328 4.8 802 -- 0 1 36 89 92 95 97 99 100 --
Sept. 5 5,900 3.9 327 4.6 836 -- -- 0 34 80 89 94 96 97 99 100
Sept. 16 13,800 5.8 350 6.8 1,140 -- 0 2 31 53 55 58 63 71 88 100

12 Susitna River Feb. 26 3,500 -- - -- 81 -- 0 1 24 46 47 50 55 59 70 100
at Sunshine April 9 3,900 -- -- -- 28 -- -- 0 46 93 98 99 100 -- - --
(15292780) May 31 67,400 10.6 945 6.7 2,590 -- 0 3 22 30 31 34 52 72 90 100

June 25 55,600 9.1 945 6.4 2,380 -- 0 1 44 70 71 73 75 80 92 100
July 23 72,900 -- -- -- 584 0 1 6 72 87 88 89 90 92 95 100
Aug. 12 63,100 10.3 955 6.4 1,260 0 1 2 48 60 62 64 69 81 99 100
Sept. 3 46,900 7.8 937 6.5 919 -- 0 2 52 68 70 72 76 87 97 100
Sept. 16 76,500 11.0 950 7.3 1,430 -- 0 1 27 40 44 48 57 78 92 100

13 Yentna River Feb. 28 2,600 -- -- -- 31 -- -- 0 34 55 56 67 85 100
near Susitna April 4 2,400 -- -- -- 130 -- 0 2 30 52 61 69 82 96 100
Station May 23 23,300 6.8 1,275 2.7 5,720 0 1 14 66 82 85 86 88 94 99 100
(15294345) June 20 42,600 8.5 1,280 3.9 6,130 -- 0 3 70 91 94 96 98 99 100

July 17 54,200 9.4 1,290 4.5 8,070 -- 0 3 60 90 93 95 98 99 100
Aug. 14 52,800 8.7 1,290 4.7 13,300 -- 0 2 47 84 88 92 96 99 100
Aug. 19 39,700 7.7 1,285 4.0 4,360 -- 0 3 57 92 96 97 99 100
Sept. 18 22,600 5.5 1,285 3.2 7,490 -- 0 2 47 84 91 95 98 100

14 Susitna River Feb. 28 6,500 -- -- -- 15 -- 0 3 71 79 79 82 89 100
at Sus1tna April 4 6,500 -- - -- 30 -- 0 1 77 99 99 100 -- --
Station May 24 64,900 8.1 ~ ,670 4.8 4,690 0 1 6 65 81 82 82 85 90 97 100
(15294350) June 21 94,500 13.5 1,880 3.7 9,240 -- 0 4 65 90 93 95 96 98 100 --

July 18 117,000 12.2 1,880 5.1 11,200 - 0 3 62 84 86 89 92 95 99 100
Aug. 14 138,000 14.3 1,880 5.1 20,900 -- 0 2 34 57 62 68 76 85 94 100
Aug. 20 102,000 10.8 1,870 5.0 10,100 0 1 8 63 81 86 89 91 94 98 100
Sept. 19 85,000 9.7 1,880 4.6 9,820 0 1 7 53 86 91 94 96 99 100
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Table 4.-Bed·material data for selected stations in the Susitna River basin, May·to September 1986
(Sampling point stationing from left bank)
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Table 5.--Water discharge and estimated sediment loads at selected stations in the Susitna River basin,
October 1984 to September 1985 [mi2, square miles; acre-ft, acre-feet]

Drainage Water
Map No. Station name area discharge Suspended sediment (tons) Bedload (tons) Total sediment
(fig. 1) and number (mi2 ) Period (acre-ft) Silt-c1av Sand Total Sand Gravel Total (tons)

Susltna River 6,320 October 349,OOOa 4,500 1,700 6,200 160 0.4 160 6,360
near November 186,OOOa -- -- 1,300 25 0 25 1,320
Talkeetna December 149,OOOa -- -- 750 10 0 10 760
(15292100) January 132,OOOa -- -- 580 7.0 0 1.0 587

February 96,800a -- -- 330 3.8 0 3.8 334
March 116,OOOa -- -- 440 4.2 0 4.2 444
April 129,OOOa -- -- 5"90 8.7 0 8.7 599
May 811,OOOa 350,000 330,000 680,000 7,500 5,100 12,600 693,000
June 1,710,OOOa 530,000 420,000 950,000 17,000 5,500 22,500 972,000
July 1,710,OOOa 540,000 440,000 980,000 16,000 6,500 22,500 1,000,000
August 1,330,OOOa 240,000 160,000 400,000 8,800 1,100 9,900 410,000
September 1,020,OOOa 130,000 77 ,000 207,000 4,700 400 5,100 212,000
October 1,160,000 -- -- 9,290 219 .4 219 10,400

to April
May 6,580,000 1,790,000 1,430,000 3,220,000 54,000 18,600 72,600 3,290,000

to
September

Total 6,720,000 -- - 3,230,000 54,200 18,600 72,800 3,300,000

Chulitna River 2,580 October 290,600 23,000 18,000 41,000 3,300 2,000 5,300 46,300
below canyon November 159,100 - -- 8,900 300 110 410 9,310
near Talkeetna December "132,900 -- -- 5,100 140 46 186 5,290
(15292410) January 117,000 -- -- 3,800 89 26 115 3,920

February 77 ,550 -- -- 1,600 26 6.8 33 1,630
March 71,600 -- - 1,100 14 3.1 17 1,120
April 67,240 -- -- 980 13 3.1 16 996
May 351,300 170,000 96,000 266,000 30,000 17,000 47,000 313,000
June 1,125,000 770,000 430,000 1,200,000 140,000 77,000 217 ,000 1,420,000
July 1,669,000 2,100,000 1,100,000 3,200,000 180,000 140,000 320,000 3,520,000
August 1,278,000 1,100,000 600,000 1,700,000 140,000 90,000 230,000 1,930,000
September 782,700 320,000 200,000 520,000 66,000 31,000 97,000 617,000
October 916,000 -- -- 62,500 3,880 2,200 6,080 68,600

to April
May to 5,206,000 4,460,000 2,430,000 6,890,000 556,000 355,000 911,000 7,800,000

September
6,950,000 917 ,000Total 6,122,000 - - 560,000 357,000 7,870,000

Susitna River 8,950 October 624,OOOb -- - 60,OOOb 5,600 2,100 7,700 67,700
below Chul1 tna November 303,OOOb -- -- 9,OOOb 1,900 780 2,680 11,700

10 River near December 245,OOOb -- - 5,OOOb 1,400 580 1,980 6,980
Talkeetna January 237,OOOb -- -- 4,OOOb 1,300 560 1,860 5,860
05292439 and February 182,OOOb -- -- 3,OOOb 920 400 1,320 4,320
15292440) March 200,OOOb -- -- 3,OOOb 1,000 440 1,440 4,440

April 212,OOOb -- -- 3,OOOb 1,100 490 1,490 4,490
June 3,OOO,OOOb 2,300,000 1,500,000 3;800,000 63,000 140,000 203,000 4,000,000
July 3,500,OOOb 3,700,000 2,100,000 5,800,000 73,000 170,000 243,000 6,040,000
August 2,760,OOOb 1,800,000 1,200,000 3,000,000 54,000 110,000 164,000 3,160,000
September 1,920,OOOb 660,000 560,000 1,220,000 30,000 37,000 67,000 1,290,000
October 2,OOO,OOOb -- -- 87,OOOb 13,200 5,350 18,500 105,000

to April
May to 12,500,OOOb 9,370,000 5,900,000 15,300,000 243,000 500,000 743,000 16,000,000

September
Total 14,500,OOOb -- - 15,400,000 256,000 505,000 761,000 16,100,000

11 Talkeetna 2,006 October 135,100 1,400 3,000 4,400 780 0.3 780 5,180
River near November 68,930 -- -- 860 78 0 78 938
Talkeetna December 55,140 -- -- 520 28 0 28 548
(15292700) January 44,070 -- -- 320 12 0 12 332

February 30,410 -- -- 170 3.8 0 3.8 174
March 30,600 -- - 150 3.1 0 3.1 153
April 31,060 -- -- 160 3.3 0 3.3 163
May 256,700 84,000 85,000 169,000 4,800 8,700 13,500 182,000
June 618,800 170,000 190,000 360,000 12,000 11,000 23,000 383,000
July 684,900 240,000 240,000 480,000 13,000 16,000 29,000 590,000
August 626,200 200,000 200,000 400,000 13,000 13,000 26,000 426,000
September 501,300 120,000 130,000 250,000 8,700 5,600 14,300 264,000
October to 395,300 -- -- 6,580 908 0.3 908 7,490
April

May to 2,688,000 814,000 845,000 1,660,000 51,500 54,300 106,000 1,760,000
September

Total 3,083,000 - -- 1,670,000 52,400 54,300 107,000 1,770,000

12 Susitna River 11,100 October 759,500 24,000 41,000 65,000 4,900 2,600 7,500 72,000
at Sunshine November 372,000 -- -- 10,000 1,900 1,400 3,300 13,300
(15292780) December 299,900 -- - 5,600 1,500 1,200 2,700 8,300

January 280,700 -- -- 4,700 1,300 1,100 2,400 7,100
February 212,200 -- -- 2,800 900 890 1,790 4,590
March 230,500 -- -- 2,900 1,000 980 1,980 4,880
April 243,200 -- -- 3,500 1,100 970 2,070 5,570
May 1,583,000 870,000 560,000 1,430,000 15,000 17,000 32,000 1,460,000
June 3,622,000 2,200,000 1,500,000 3,700,000 37,000 33,000 70,000 3,770,000
July 4,183,000 3,300,000 2,000,000 5,300,000 44,000 59,000 103,000 5,400,000
August 3,384,000 1,800,000 1,200,000 3,000,000 33,000 26,000 59,000 3,060,000
September 2,425,000 770,000 620,000 1,390,000 22,000 11,000 33,000 1,420,000
October 2,399,000 -- -- 94,500 12,600 9,140 21,700 116,000
to April

May to 15,200,000 8,940,000 5,880,000 14,800,000 151,000 146,000 297,000 15,100,000
September

Total 17,600,000 - -- 14,900,000 164,000 155,000 319,000 15,200,000
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Table 5.-Water discharge and estimated sediment loads at selected stations in the SUBitna River basin,
October 1984 to September 1985 - Continued
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