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Abbreviations used in this report:
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Sea level:

In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929—A geodetic datum derived from a
general adjustment of the first-order level nets of the United States and Canada, formerly called Sea Level Datum of

1929.

Note:

In this report, “Kennecott” pertains to mines, mining company, ore deposits, and related topics, and “Kennicott” to
geographic and geologic features. The rational for this dual spelling and usage is as follows: the mining company as

named for Robert Kennicott, a pioneer surveyor; somehow, probably inadvertently, an “e” was substituted for the

in the company name.
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Geomorphology of the Lower Copper River, Alaska

By Timothy P. Brabets

ABSTRACT

The Copper River, located in southcentral Alaska, drains an area of more than 24,000 square
miles. About 30 miles above its mouth, this large river enters Miles Lake, a proglacial lake formed
by the retreat of Miles Glacier. Downstream from the outlet of Miles Lake, the Copper River flows
past the face of Childs Glacier before it enters a large, broad, alluvial flood plain. The Copper River
Highway traverses this flood plain and in 1996, 11 bridges were located along this section of the
highway. These bridges cross parts or all of the Copper River and in recent years, some of these
bridges have sustained serious damage due to the changing course of the Copper River.

Although the annual mean discharge of the lower Copper River is 57,400 cubic feet per sec-
ond, most of the flow occurs during the summer months from snowmelt, rainfall, and glacial melt.
Approximately every six years, an outburst flood from Van Cleve Lake, a glacier-dammed lake
formed by Miles Glacier, releases approximately 1 million acre-feet of water into the Copper River.
At the peak outflow rate from Van Cleve Lake, the flow of the Copper River will increase an addi-
tional 140,000 and 190,000 cubic feet per second.

Bedload sampling and continuous seismic reflection were used to show that Miles Lake traps
virtually all the bedload being transported by the Copper River as it enters the lake from the north.
The reservoir-like effect of Miles Lake results in the armoring of the channel of the Copper River
downstream from Miles Lakes, past Childs Glacier, until it reaches the alluvial flood plain. At this
point, bedload transport begins again. The lower Copper River transports 69 million tons per year
of suspended sediment, approximately the same quantity as the Yukon River, which drains an area
of more than 300,000 square miles.

By correlating concurrent flows from a long-term streamflow-gaging station on the Copper
River with a short-term streamflow-gaging station at the outlet of Miles Lake, long-term flow char-
acteristics of the lower Copper River were synthesized. Historical discharge and cross-section data
indicate that as late as 1970, most of the flow of the lower Copper River was through the first three
bridges of the Copper River Highway as it begins to traverse the alluvial flood plain. In the mid
1980’s, a percentage of the flow had shifted away from these three bridges and in 1995, only 51
percent of the flow of the Copper River passed through them.

Eight different years of aerial photography of the lower Copper River were analyzed using
Geographical Information System techniques. This analysis indicated that no major channel
changes were caused by the 1964 earthquake. A flood in 1981 that had a recurrence interval of
more than 100 years caused significant channel changes in the lower Copper River.

A probability analysis of the lower Copper River indicated stable areas and the long-term
locations of channels. By knowing the number of times a particular area has been occupied by
water and the last year an area was occupied by water, areas of instability can be located. A
Markov analysis of the lower Copper River indicated that the tendency of the flood plain is to
remain in its current state. Large floods of the magnitude of the 1981 event are believed to be the
cause of major changes in the lower Copper River.

ABSTRACT 1



INTRODUCTION

The Copper River is located in southcentral Alaska and flows into a large, relatively flat,
alluvial plain near its mouth (fig. 1). As with many alluvial systems, the banks and streambeds of
the lower Copper River are readily erodible and less permanent than most other aspects of the
landscape. Numerous braided channels are formed, depending on the quantity and type of avail-
able sediment and the quantity and variability of discharge.

The flow of water and sediment in alluvial channels is complex and involves the mutual
adjustment of a number of variables such as water discharge, sediment discharge, and slope (Mad-
dock, 1969). However, hydraulics and hydrology are not always the dominant factors (Schumm
and Winkley, 1994). Geologic controls such as uplift or subsidence, which may not be included in
hydraulic or sediment transport equations, may also influence the alluvial system.

Beginning in Cordova, the Copper River Highway heads east/northeastward for about
48 mi. From mile 27, also known as Flag Point, to about mile 38, the highway crosses the alluvial
plain of the lower Copper River. In 1996, 11 bridges were located along this part of the highway
(fig. 2). The lengths of the bridges range from 240 to 1,200 ft, and spur dikes have been con-
structed at some bridges.

Maintaining existing roads or designing structures such as bridges or spur dikes in alluvial
channels is not a straightforward process, primarily because the streambed patterns constantly
change. The channels located near these structures may scour, fill, or move laterally. Compound-
ing the problem, channel instability is spatially variable, and channel migration may not affect the
entire length equally.

In dealing with problems in an alluvial setting such as bridge scour or flood impacts, it is
important to view the problem in terms of the larger fluvial system. In this way, it is possible to
more fully understand the cause of bridge scour or the impacts from large floods, and to better pre-
dict the consequence of proposed mitigation measures. Similarly, prediction can be improved if
both the past and present conditions are known, because the historical information allows the
record to be extended. When information from the past and the present is combined, it is likely that
the ability to predict future changes will be improved.

Significant bridge scour and damage to the Copper River Highway that can be directly
attributed to the changes in the alluvial system of the lower Copper River have occurred. At
Bridge 342 (fig. 2), the Alaska Department of Transportation and Public Facilities (ADOT&PF)
has made major repairs to both the bridge and the spur dikes. These repairs have cost millions of
dollars. The nature of the alluvial system can also cause additional problems, such as encroach-
ment of the river to the highway or scour at other bridges. If a better understanding of the alluvial
system could be gained, future problems could be anticipated and thus more cost-effective mitiga-
tion measures could be taken.

Purpose and Scope
With this goal of obtaining a better understanding of the alluvial system of the lower Copper
River, ADOT&PF and the U.S. Geological Survey (USGS) entered into a cooperative water-

resources agreement in April 1991. This report describes the geomorphology of the lower Copper
River from the early 1900’s to the present. The scope of the report includes the following: (1) doc-
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The discharge information collected at the individual bridges from 1991 to 1993 was ana-
lyzed as an indicator of channel changes. Flow that occurred at a particular bridge was compared
with the total discharge passing through Bridges 331 to 345. If the percentage of flow at an indi-
vidual bridge changed, this would indicate that channel change or changes had occurred.

Ordinary least squares (OLS) regression was used to develop a statistical relation between
the concurrent streamflow data collected at Chitina and the streamflow data collected at the Mil-
lion Dollar Bridge. The OLS equation was then modified to develop a line of organic correlation
(LOC) using methods outlined by Helsel and Hirsch (1992). By using this technique, flows that
occurred at the Million Dollar Bridge between 1950 and 1988 were estimated. This information
provided a good, historical perspective of the trends in flow characteristics.

Statistical Analysis

Concurrent daily discharges of the Copper River were available from the Chitina gaging sta-
tion and the Million Dollar Bridge gaging station from June 1988 to September 1990. Visual
analysis (fig. 19) indicated a good correlation between the flow patterns from these two sites.
Using the daily discharge from these two sites, a statistical relation was developed to estimate
flow at the Million Dollar Bridge based on flow from the Chitina site (fig. 20). The following rela-
tion was obtained by ordinary least squares (OLS) regression of the logarithms of the daily flows:

QM =5.37 QC(O.882)

where Owm is discharge of the Copper River at the Million Dollar Bridge, in cubic feet per sec-
ond, and
Oc is discharge of the Copper River at Chitina, in cubic feet per second,
Coefficient of determination (R) is 0.92.
Standard error is 9.2 percent.
Number of values is 303.
Mean (X,,) of discharge values at Chitina is 5.029 (in log; units).
Standard deviation (S,) of discharge values at Chitina is 0.163 (in
log; units).
Mean (Y,,,) of discharge values at Million Dollar Bridge is 5.166
(in log ¢ units).
Standard deviation (S,) of discharge values at Million Dollar Bridge
is 0.150 (in log; ¢ units).

Helsel and Hirsch (1992) noted that when statistics such as flood frequency recurrence inter-
vals are to be generated from estimated discharges, these statistics depend on the probability dis-
tribution of the estimated data. In these instances, the authors recommend using a method known
as the line of organic correlation (LOC). The LOC has also been referred to as geometric mean

functional regression, reduced major axis, allocation relation, and maintenance of variance-exten-
sion (Helsel and Hirsch, 1992). There are three major reasons why LOC is preferable to OLS:
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1) The LOC technique minimizes errors in both x and y directions.

2) The LOC produces a unique line, identical regardless of which variable, x or y, is used as the
response variable.

3) The technique produces a cumulative distribution function of the predictions, which is a close
approximation of the cumulative distribution function of the actual records.

The procedures outlined by Helsel and Hirsch (1992) were used to develop the line of organic cor-
relation:

Slope of the line = (sign of R)(Sy/Sx) = + (0.150)/(0.163) = 0.920
logo (@m) = Yaye + (slope of the line) (logyg (Qc) - Xave) = 5-166 + (0.920)[log;o(Qc) - 5.029]

log1o (G = 0.539 +0.920 (log16(Q0)
QM =13.46 QC(0.920)

A comparison of the LOC and the OLS equation (fig. 20) indicates that both lines were sim-
ilar. The LOC is somewhat steeper than the OLS line, which reflects the reduction in variance.

Synthesized Flow Statistics of the Copper River at the Million Dollar Bridge

Using the equation derived from the LOC technique, daily discharges of the Copper River at
the Million Dollar Bridge were synthesized from the Chitina record. Because the LOC equation
was based on the logarithms of discharge, a bias correction was applied to the computed dis-
charges. The technique used was the minimum variance unbiased estimator (MVUE) or Bradu-
Mundlak estimator as outlined by Cohn and others (1989).

From the estimated discharges, the annual mean discharge was computed from 1950 to 1988
(fig. 21). The annual mean discharge ranged from about 42,000 ft*/s in 1970 to 71,500 ft3/s in
1990. Years in which discharges were above the long-term average of 57,400 ft3/s occurred pri-
marily after 1976.

An analysis of the daily discharge record collected at the Million Dollar Bridge from 1988
to the present 1ndlcated that for each water year, the number of days in which the discharge
exceeded 200,000 ft>/s was about 5 percent. Thus, although somewhat arbitrary, this statistic was
computed from the synthesized record and used as an indicator of sustamed high flows. From
1950 to 1970, relatively few days had discharges exceeding 200,000 ft3/s (fig. 21). However, the
period from 1970 through 1995 indicates that more sustained, relatively high flows occurred.

There were three concurrent peak discharges for the Copper River at Chitina and at the Mil-
lion Dollar Bridge. Using the LOC equation the estimated and observed peak discharges for these
three years were as follows (discharge in cubic feet per second):

Million Dollar Predicted 95 percent prediction level

Year Chitina peak Bridge peak peak Uvpor -
1988 186,000 252,000 244,000 281,000 212,000
1989 195,000 236,000 254,000 293,000 220,000
1990 208,000 273,000 270,000 312,000 234,000

30 Geomorphology of the Lower Copper River, Alaska
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The predicted peak discharges were within 10 percent of the observed peak discharges and
also within the 95 percent prediction intervals. Thus, the LOC equation was used to estimate the
peak discharges of the Copper River at the Million Dollar Bridge from 1950 to 1987 (table 2).
These peak discharges were then analyzed using techniques described in Bulletin 17B (Inter-
agency Advisory Committee on Water Data, 1982). The analysis was done without considering
the peak discharges that were caused by the breakout of Van Cleve Lake. On the basis of this
analysis, peak discharges that occurred during the period from 1950 to 1970 are considered aver-
age annual peaks with a recurrence interval of less than or equal to 2 years (table 2, fig. 21) with
the exception of the 1951, 1953, 1958, and 1960 peaks. The recurrence interval of the 1951 peak
discharge was estimated to be 7 years; the 1953 peak discharge, 5 years; and the 1958 and 1960
peak discharges, 3 years. During the period 1971 to 1995, the three highest peak discharges for
the period of record occurred. The peak discharge of 1981 is estimated to have had a recurrence
interval greater than 100 years; the peak discharge of 1995, a 65-year recurrence interval; and the
peak discharge of 1971, a 20-year recurrence interval.

The peak discharges that occurred from the breakouts of Van Cleve Lake in 1909, 1969,
1985, and 1992 were as follows:

1909: 190,000 ft3/s
1969: 160,000 ft3/s
1985: 295,000 ft3/s
1992: 300,000 ft%/s (from USGS gaging-station No. 15214000)

Although the exact dates of the 1962, 1974, and 1979 breakouts are not known, estimates of
the peak discharges for these dates were computed as follows:
1) The average discharge for August 1962, 1974, and 1979 was determined from the discharge
records at the streamflow-gaging station at Chitina.
2) Using the LOC technique, the average discharge for August 1962, 1974, and 1979 for the Cop-
per River at the Million Dollar Bridge was computed.

3) A discharge of 150,000 ft3/s was added to the discharge computed by the LOC technique and
was used as an estimate of the peak discharge. The results were as follows:

1962: 314,000 ft3/s
1974: 300,000 ft3/s
1979: 327,000 ft>/s

Comparing these discharges with the flood-frequency statistics indicated that the peak dis-
charges in 1909 and 1969 were less than a 2-year recurrence interval. The peak discharges in
1974, 1985, and 1992 are equivalent to approximately an 8- and 10-year recurrence interval
respectively. The 1962 peak discharge is equivalent to 13-year recurrence interval and the 1979
peak is equivalent to a 17-year recurrence interval. From these dates of occurrence and the flood
frequencies, it does not appear that breakouts of Van Cleve Lake have created large magnitude
floods.

For comparative purposes, a flood-frequency analysis was also done with the peak dis-
charges from Van Cleve Lake included in the analysis. The effect of adding the peak flows caused
by Van Cleve Lake was to smooth the upper end of the flood-frequency curve and thus lower the
recurrence interval for a given discharge. For example, the 1979 peak is lowered to a 14-year
recurrence interval and the 1962 peak is lowered to a 10-year recurrence interval. Below the
10-year recurrence interval, the peak discharges remained about the same.

32 Geomorphology of the Lower Copper River, Alaska
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Discharge at Bridges Along the Copper River Highway

From 1991 to 1995, discharge measurements made at bridges along the Copper River High-
way indicated that most of the flow occurs at Bridges 331, 1187, 332, and 342 (tables 3-4). The
combined flow from these four bridges ranged from 85 percent to 100 percent of the total flow of
the Copper River. The percentage of flow at these bridges decreases as the flow in the Copper
River increases, indicating that the increased discharge flows into other channels leading to other
bridges. During relatively low-flow periods—when flow at the Million Dollar Bridge was less
than 100,000 ft3/s—most, if not all, of the discharge of the Copper River is through these four
bridges (table 4). The average percentage of total discharge at Bridges 331, 1187, and 332 for the
period was 51 percent and the average percentage of the total discharge at Bridge 342 was 40 per-
cent. From these data, it does not appear that the average percentage of flow through Bridges 331,
1187, 332 and 342 has increased or decreased from 1991 to 1995.

The sum of the discharges measured at each of the bridges along the Copper River Highway
equals the flow past the Million Dollar Bridge plus any inflow downstream from the Million Dol-
lar Bridge. The primary inflow between the Million Dollar Bridge and the Copper River Highway
is the runoff from Childs Glacier and from Goodwin Glacier. Comparing the discharge at the Mil-
lion Dollar Bridge with the total measured discharge indicated a good correlation (fig. 22).

1,000,000 ————————————
700,000 - EXPLANATION ]
500,000 [ — Ordinary Least Squares (OLS) .
400,000 [ e Line of Organic Correlation (LOC) ]
300,000 B 95 percent prediction limit & ]
200,000 |

100,000 |
70,000 |

50,000 -
40,000 |

30,000 .

TOTAL DISCHARGE IN CUBIC FEET PER SECOND

20,000 - ]

10,000 . . : P S . L P B
10,000 20,000 50,000 100,000 200,000 500,000 1,000,000

DISCHARGE IN CUBIC FEET PER SECOND AT THE MILLION DOLLAR BRIDGE

Figure 22. Comparison of discharge of the Copper River at the Million
Dollar Bridge with the total measured discharge from Bridges 331 to 345.
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Table 3. Discharge of the Copper River at bridges along the Copper River Highway, 1991-95
[Discharge in cubic feet per second; --, no discharge measurement made; no flow was present at Bridges 336, 344, and 345
at the time of measurements from 1991-95]

Flag Point Million
Date BR333 BR334 BR339 BR340 BR342 Total Dollar
BR 331 BR 1187 BR 332

6-7-91 29,000 8,700 7,800 0 0 0 0 37,900 83,400 66,600
6-18-91 to 6-20-91 36,100 16,700 15,000 2,600 1,800 1,200 4,100 64,300 141,800 128,000
7-1-91 to 7-2-91 52,800 35,000 29,400 5,800 12,000 5,400 11,800 91,400 243,600 216,000
7-24-91 44,600 26,100 19,700 4,700 5,000 2,300 6,800 73,900 183,100 159,000
8-13-91 to 8-14-91 48,800 29,500 21,600 5,000 6,000 1,900 7,700 78,600 199,100 158,000
8-28-91 to 8-29-91 35,800 14,400 9,000 2,200 600 600 1,100 45,500 109,200 95,400
9-12-91 38,300 19,000 13,000 2,500 1,000 1,000 1,500 54,400 130,700 108,000
9-23-91 31,700 11,500 7,200 800 400 40 200 40,000 91,840 71,500
5-21-92 to 5-22-92 16,600 0 0 0 0 0 0 26,800 43,400 36,000
6-8-92 to 6-9-92 37,900 18,400 12,200 2,160 620 368 1,140 47400 120,200 106,000
6-22-92 49,300 30,300 21,800 5,070 5,560 2,240 6,270 69,400 189,900 162,000

7-13-92 to 7-14-92 56,600 38,600 26,900 8,710 13,100 3,700 7,150 78,500 233,300 203,000
7-27-92to0 7-31-92 49,100 31,400 18,000 4,860 5,540 3,200 5,770 69,300 187,200 169,000
8-11-92 to 8-12-92 51,300 30,300 15,000 5,240 8,470 3,800 5,860 64,900 184,900 162,000
8-24-92 to 8-25-92 50,900 30,300 14,700 2,510 3,860 2,160 3,470 64,200 172,100 146,000

9-8-92 to 9-9-92 29,400 11,500 2,280 710 246 425 235 30,200 75,000 67,000
9-18-92 21,600 6,950 367 <100 0 <10 0 13,400 42,430 39,500
5-26-93 38,100 18,930 7,880 2,025 1,660 1,260 1,490 46,800 118,145 110,000
6-9-93 44,400 23,900 13,900 2,770 5,240 2,570 4,150 60,700 157,880 138,000
6-21-93 46,800 24,300 12,600 2,800 5,200 2,600 4,200 65,800 164,300 148,000
7-8-93 45,800 22,000 12,800 2,700 5,000 2,500 4,100 63,100 158,100 145,000
7-19-93 64,200 35,300 23,700 4,940 12,300 9,210 9,040 85,700 243,900 239,000
8-2-93 61,200 29,500 22,500 4,990 10,400 7,530 7,480 85,200 228,800 203,000
8-16-93 73,600 33,400 24,300 7,200 17,600 15,300 12,500 91,900 275,700 246,000
8-30-93 44,200 15,800 9,480 3,280 6,120 4,630 6,570 65,800 156,400 127,000
9-18-93 41,200 14,600 8,750 2,025 1,660 1,260 1,700 66,400 137,300 127,000
6-18-94 - - - - - 6,590 8,190 83,700 - 188,000
8-21-94 - - - - - 7,500 10,600 104,400 - 181,000
9-12-95 47,400 25,100 12,600 2,200 5,570 6,590 12,500 106,400 218,400 182,000
9-22-95 - - - - -- - 24,200 129,000 - 367,000

Discharge 35



Table 4. Percentage of total discharge measured at Bridges 331, 1187, 332, and 342,
1991-1995

[Discharge in cubic feet per second]

R eewor i

Bridges 331,
Discharge Percent Discharge Percent 1187,332 & 342
6-7-91 45,500 55 37,900 45 100
6-18-91 10 6-20-91 67,800 48 64,300 45 93
7-1-91 to 7-2-91 117,200 48 91,400 37 85
7-24-91 90,400 49 73,900 40 39
8-13-91 to 8-14-91 99,900 50 78,600 39 89
8-28-91 to 8-29-91 59,200 54 45,500 42 96
9-12-91 70,300 54 54,400 42 96
9-23-91 50,400 55 40,000 44 99
5-21-92 16,600 38 26,800 62 100
6-8-92 68,500 57 47,400 39 96
6-22-92 101,400 53 69,400 36 89
7-13-92 to 7-14-92 122,100 52 78,500 34 86
7-27-92 to 7-31-92 98,500 53 69,300 37 90
8-11-92 to 8-12-92 96,600 52 ‘ 64,900 35 87
8-24-92 to 8-25-92 95,900 56 64,200 37 93
9-8-92 to 9-9-92 43,200 58 30,200 40 98
9-18-92 28,900 68 13,400 32 100
5-26-93 64,900 55 46,800 40 95
6-9-93 82,400 52 60,700 38 90
6-21-93 83,700 50 65,800 40 90
7-8-93 80,700 51 63,100 40 . 91
7-19-93 122,700 50 85,700 35 -85
8-2-93 113,200 49 85,200 37 86
8-16-93 131,300 48 91,900 33 81
8-30-93 69,500 45 65,800 42 87
9-18-93 64,600 47 66,400 39 95
9-12-95 85,100 39 106,400 49 88
Average 51 40
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Using the data from the 1991-93 field seasons, the following OLS statistical relation was
developed: Ot =1.56 Oy (0.97)

where  Qris total discharge measured past the Copper River Highway from Bridge 331 to
Bridge 345, in cubic feet per second; and
QOw is discharge measured at the Million Dollar Bridge, in cubic feet per second.

Coefficient of determination (R) is 0.99.

Standard error is 9.2 percent.

Number of values is 26.

Mean (X,,) of O is 5.16 (in log; ¢ units).

Standard deviation (Sy) of Ot is 0.213 (in log; units).
Mean (Y,,,) of Oy is 5.10 (in log; units).

Standard deviation (Sy) of Oy is 0.218 (in log; o units)

Using the LOC technique the equation was adjusted to:

Or = 1.45 0"

The OLS and the LOC equations are quite similar (fig. 22) and using either equation would
produce approximately the same values, given a discharge value for the Copper River at the Mil-
lion Dollar Bridge. However, since Qr is considered a flow statistic, the LOC equation should be
used in estimating values of Q. Similar to computing daily discharges, the bias correction tech-
nique (MVUE) was applied to the computed discharges.

Inspection of ADOT&PF files produced flow information that had been collected by
ADOT&PF personnel in 1969 and 1970 at Bridges 331, 1187, and 332. Using the daily discharge
from the Chitina gaging station for the 1969 and 1970 water years, the discharge at the Million
Dollar Bridge was estimated using the LOC. The estimated discharge from the Million Dollar
Bridge was then used to estimate the total discharge past the Copper River Highway from Bridge
331 to Bridge 345. The estimated discharges were then compared with the discharges obtained by
the ADOT&PF (table 5).

There are some limitations to comparing the flows through Bridges 331, 1187, and 332 with
the total discharge. Because the flow values for total discharge are based on estimated flow values
at the Million Dollar Bridge, two estimating equations were used, each of which has some error.
Also, it is uncertain what type of collection methods were used by ADOT&PF to collect the dis-
charge data. However, the comparison does provide some information.

The ratio of the discharge at Bridges 331, 1187, and 332 to the total discharge ranged from
0.85 to 1.59. However, discounting the discharges less than 100,000 ft°/s at the Million Dollar
Bridge, the ratio ranges from 0.85 to 1.16, which would indicate that most of the flow during 1969
and 1970 that passed through the Million Dollar Bridge also passed through Bridges 331, 1187,
and 332. A comparison of the percentage of total flow that passed through these bridges during
1969-70 (table 5) and during 1991-93 (table 4) indicates that the discharge through these bridges
has decreased between 30 and 50 percent.

Discharge 37



1e°1 000°6S 00T'1¥ 00s°6v 00T'sy 00z'ce 00S'v¥ 005°8€ vi-6

or'1 009'S9 00LTy 00€'1S 008'9v 00S‘vE 00Z'9¥ 006'6€ €26
991 00LT8 009°1S 00L'19 00v9S 008'1¥ 008'SS 00€'8Y 96
9’1 00$°Z8 009'1S 00L'T9 00v°'9S 008'1¥ 008'SS 00€'8¥ $6
w1 00916 00£°6S 00L'0L 00879 0018 00Z'%9 009°SS SI-8
€1 00066 000'69 00028 00T'SL 000°9S 00L'vL 00L'Y9 vi-8
pE'l 000°€T1 00€°LL 008°16 00Z'¥8 000°€9 © 006'c8 00L'TL T1-8
€0'1 000°LLT 000851 000'L81 000°CLI 000'0€1 000'€L1 000°0ST L-8
80'1 0000L1 000'S¥1 000°1LI 000851 000'611 000'6S1 000'8€1 -8
T 000191 000°CET 000951 000°ev1 000801 000't¥1 000°sT1 -8
00'1 000'8ST 000°S¥1 000'1LI 000'8ST 000'611 000651 000°8€1 -8
660 000951 000'S¥1 000°1L1 000851 000'611 000651 000'8¢€1 Ie-L
(4R 000991 000°9€1 000191 000'8¥1 000°CIT 000'6¥1 000621 8C-L
76'0 000°TLI 000'1LI 000°20¢ 000981 000'1¥1 000'881 00091 12-L
v6°0 000881 000'p81 000°L1¢C 000002 000°CST 000202 000'SLI yI-L
60 000'6L1 000'8L1 000112 00061 000'8¥1 000961 000°0L1 8L
L8°0 000°€LT 000'%81 000°LIT 000°00C 000°CS1 000°'20T 000'SLY I-L
$8°0 000°1L1 000781 000°L1T 000°00C 000°CST 000202 000°SLI 929
$8°0 000°CLI 000'¥81 000°L12 000°00C 000°CST 00020 000°SLT ST-9
$8°0 000'S61 000602 000°L¥C 000°LTC 000°€LI 000°T€C 000'00C L1-9
o1l 000061 000'8ST 000°L81 000°CLI 000°0¢1 000'€LI 000°0S1 v1-9
60°1 000°8S1 000°¢ET 000°LST 000°SH1 000011 000°9¥1 000921 £1-9
660 000°0€1 000021 000°Cy1 000°0€1 00¥'86 000°1€1 000°€ 11 z1-9
60'1 000°811 000201 000021 000°011 001'¢€8 000111 008'S6 11-9
6961
oww_wmc mw_w ._Mwo_, | ZEEPUE /8l 1oMmoq taddn ow, wmmowmwmm 1oMoT Joddn a__wmw__wm______\,.
‘Leg sobpug je 1£€ sebpug woyy abreyosip 1e obieyosip eied
abeyosip jo oney te obreyosiq Jensaiu; uonolpaid yusosed g6 {10} pajewsy lensdiu; uonoipaid yusoled G6 pojewnsy

[puooas 1ad 399] o1qno Uy 931BYDsIT]

0/-696 ‘961eyosip ejo) pajewss 0} geg pue ‘81| ‘Lee sebpug ye sableyosip jo uosuedwo) g ajqeL

38 Geomorphology of the Lower Copper River, Alaska



91’1 000‘0t1 000°TTI 000°1€1 000°021 00806 000°121 000°S01 €l-L
0’1 000°0€1 000°ST1 000°9¢1 000°62I 0016 000621 000°601 0I-L
901 000°SEl 000°8T1 000°6€1 000°8T1 00596 000821 000°1T1 6-L
901 000°0¥1 000°121 000°cp1 000°Z€1 005'66 000°CEl 000°STI 8L
10°1 000°0¥1 000821 000°161 000°6€1 000°601 000°6€1 000°121 9-L
860 000811 000°T11 000°1€1 000°121 001°16 000°121 000°601 <L
SO'1 000811 000°€01 000°CT1 000°€TT 00L'v8 000°€TT 009°L6 I-L
LT 000°911 00806 000801 006'86 00Z'vL 00L‘86 009°s8 929
611 000°911 00968 000°901 00S°L6 001°€L 00€°L6 00v'v8 SZ9
9T'1 000°911 006'v8 000°101 00¥'C6 002°69 0026 006°6L ¥Z-9
6C'1 000°¢11 00L'18 008°96 00688 00999 00988 008°9L €C9
8T'1 000°€11 00018 00096 002'88 00099 006°L8 0019, 9
LTl 000°091 0059L 00806 00€‘c8 00279 006°C8 006°1L 61-9
Tl 000001 001°SL 001°68 00818 00119 0018 00S°0L 81-9
(4 000°001 001°6L 001‘68 00818 001°19 00¥°18 00S‘0L L1-9
cr 000°C6 006'vL 000°68 009°18 000°19 00218 00¥°0L 91-9
(4Al 000°66 00T'vL 00188 00608 00¥°09 00508 00L°69 s1-9
24! 000°CT1 002°1L 009‘v8 00L'LL 006°LS 00Z°LL 00699 19
6’1 00011 00S‘vL 00588 00218 009°09 008°08 000°0L 11-9
6¢’1 000°€11 00v'vL 00€°88 000°18 00509 00908 008‘69 01-9
Iyl 000°cI1 00S‘cL 00€°L8 001°08 008‘6S . 00L'6L 00069 6-9
9T'1 00066 008°1L 00€°s8 00€‘8L 0018 008°‘LL 00%'L9 89
6S°1 00916 009°CS 0069 00S°LS 009°CP 006'9S 00¢‘6Y S-9
0L61
owm%% MM_M ._MWOWF m.mm pue ‘/g|} 18MOT] Jaddn owwmmmwmwmm iomo laddn hm__w Mvhhom_____\,_
‘Lee sabpug e 1eg sabpug woi} abieyos|p Je abreyosip ored
abieyosip Jo oiey e ebreyosi Jeatsiul uonoipaid Jusosed G |10} pajews] Jeataju; uopoipald Juaolad G pajewiisg

[puodas 1ad 309§ o1qnd Ut 981eyosI(T]

penunuoD--0/-696 | ‘aBIeydSIp (€10} pajewise O} ZEE pUe ‘2811 ‘L€ sabplg Je sebieyosip Jo uosuedwo) °G a|qel .

Discharge 39



vl 000911 00£°98 000201 006'€6 oot'oL 00Lt6 00z‘18 YA

€Tl 000°0Z1 00968 000901 00S°'L6 001°cL 00€£°L6 00v¥8 vi-8
6’0 000°21 000'ccI 000'v¥1 000°CET . 000001 000°cEl 000°ST1 vi-8
960 00021 000°021 000°cr1 000°1€T 00L‘86 000°1€1 000'v11 €l-8
860 000l 000°L11 000°8E1 000°LC1 006°S6 . 00081 000111 ZI1-8
10°1 000°0¢1 000811 000°0%1 000‘6¢1 001°L6 000621 000CH1 11-8
860 000°S€El 000'9Z1 000°6¥1 000°LET 000'v01 000'8€1 000°0¢1 01-8
01 000°0%1 000°LT1 000081 000°8€1 000°v01 000'8€1 000021 L8
660 000‘0v1 000°0€1 000'pST 000°1¥1 000°L0OT 000°TH1 000'czT 9-8
80'1 000091 000°9€1 000°191 00081 000°CIT 000‘6¥1 000621 V-8
SO'1 . 000°LL1 000°SS1T 000'v81 000°691 000°8¢1 000°0L1 000°8¥1 €8
260 000°LLY 000°LLT 000'012 000°€61 000°L¥1 000661 000691 ¢-8
S6'0 000°081 000°cLT 000°S0T 000'681 - 000°ev1 000°161 000°S91 1-8
L80 000°6L1 000681 000°€Te 000°60C 000961 000802 000°081 Ie-L
£8°0 000°6L1 000°L61 000vEC 000°S1C 00091 000812 000°681 0¢-L
L80 000°LL] 000°L81 000°cTe 000702 000°¢ST 00090 000°6L1 6Z-L
060 000°0L1 000°€LI 000°S0¢ 000681 0001 000°161 000691 8C-L
901 000°0€1 000°€l1 000'vEl 000‘cTl 008'C6 00021 000°L01 v-L
86'0 000021 000C11 000‘€€T 000zt 006'16 0001 000901 €L
LO'T 000°021 000°€01 000zl 000°CI1 00ov'v8 000°C11 00v'L6 L
or't 000021 000001 000°611 000°601 006°18 000601 00S'v6 1L
601 000°021 000101 000°0C1 000°011 00L‘C8 000011 00¥'S6 0c-L
801 000°021 000°T01 000°1¢1 000111 00L'c8 000111 00996 LI-L
0L6Y
ovoee bue ‘011 O P oy oMo seddn or 156 obhe gt eddn Jetog s o
‘Leg sabpug le : wo.y obseyosip e abseyosip
obueyosip jo oney e ebueyosig leasajul uonoipaud Jusoied G |ej0} pajewns3 |ensaiu) uonoipaid usdied G pejewns3

[puodas 1ad 1995 o1qno ut a31eyasi(]]

panuRuoD--0.-696 | ‘@b1eyosip [ej0} pajewlise 01 Zeg pue ‘gL ‘Leg sabpug je sabieyosip jo uostedwo) °G ajqeL

40 Geomorphology of the Lower Copper River, Alaska



Additional discharge information from ADOT&PF was also available for the period
1982-85. In July and August 1984, discharge measurements were made at all bridges along the
Copper River Highway from Flag Point to Bridge 345 (table 6). The measured total discharge was
within 10 percent of the estimated total discharge. The combined flow of the Copper River at
Bridges 331, 1187, and 332 was 34 percent of the total discharge, a lower percentage than either
the 1969-70 and 1991-93 periods. The percentage of the total flow at Bridge 342 was 34 percent
of the total flow, about the same percentage found during 1991-93. However, the percentage of
flow at Bridges 334, 339, 340, and 345 changed from 1984 to 1991-93. In 1984, percentages at
these bridges ranged from 5 to 10 percent, but in 1991-93 they ranged from no flow (Bridge 345)
to only 3 percent (Bridge 340).

Table 6. Discharge of the Copper River at bridges along the Copper River Highway, 1984

[ft3/s, cubic feet per second]

July 23-24, 1984 August 4, 1984
Bridge Discharge Percentage of Discharge Percentage of
(ft3/s) total flow (ft%/s) total flow
331 30,800 18 45,200 17
1187 20,500 12 22,400 8
332 10,900 6 17,900 7
333 681 <1 3,800 1
334 12,700 7.5 21,600 8
336 608 <1 3,800 1
339 13,600 8 28,200 10
340 8,400 5 18,400 7
342 61,600 36 88,300 33
344 377 <1 3,500 1
345 10,000 6 14,000 5
Total 170,200 267,100
Copper River at Chitina 105,000 162,000
Estimated discharge at Mil- 144,100 214,700
lion Dollar Bridge
95 percent prediction 166,000 248,000
interval—upper limit
95 percent prediction 125,000 186,000
interval—lower limit
Estimated total discharge 165,000 243,500
95 percent prediction 179,000 265,000
interval—upper limit
95 percent prediction 152,000 224,000

interval—lower limit
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Discharge measurements made by ADOT&PF personnel indicate that flow at Bridge 342
ranged from 25 percent to 62 percent of the total discharge from 1982-85 (table 7). Two general
observations can be made from the data. First, when the total discharge was less than
100,000 ft*/s, the percentage of flow through Bridge 342 was more than 50 percent. This suggests
that a main channel of the Copper River had formed towards this bridge. The second observation
is that because the percentage of flow through Bridges 331, 1187, and 332 was close to 100 per-
cent in 1969-70 (table 5), most, if not all, of the flow of the Copper River downstream from the
Million Dollar Bridge was through these three bridges, and probably only a small percentage of
the total discharge passed through Bridge 342. However, because flow at Bridge 342 was at least
25 percent of the total discharge in 1982-85, a decrease in the quantity of flow at Bridges 331,
1187, and 332 probably had taken place between 1969-70 and 1982-85.

Table 7. Discharge of the Copper River at Bridge 342, 1982-1985
[ft3/s, cubic feet per second]

Bridge 342 Estti(r)rtlzlted 95 percent prediction interval Percentage
Date discharge discharge 'of total

(ft3/s) (13s) Upper Lower discharge
7-15-82 42,900 172,000 187,000 158,000 25
8-13-82 52,000 158,000 171,000 145,000 33
9-17-82 53,400 121,000 131,000 111,000 44
6-1-83 37,600 65,900 71,900 60,400 57
7-27-83 60,000 196,000 213,000 180,000 31
8-23-83 53,200 120,000 131,000 111,000 44
5-10-84 19,200 35,300 38,800 32,100 54
7-23-84 61,600 165,000 179,000 152,000 36
8-4-84 88,300 243,500 265,000 224,000 33
7-11-85 70,800 198,000 216,000 182,000 36
8-6-85 72,400 183,000 199,000 168,000 40
9-10-85 59,500 100,000 109,000 92,000 59
10-08-85 31,500 50,800 55,600 46,400 62

Sediment Transport

The sediment particle size and quantities of available load determine, in part, whether the
stream carries the load as suspended load or as bedload. Knowledge of the quantity and particle
size of suspended sediment that is transported can aid in determining scour or fill characteristics.
Similarly, knowing the size of bed material and the size and quantity of sediment being moved as
bedload may indicate if a channel is stable or unstable.
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Suspended-sediment samples were collected at the bridges from Flag Point to the Million
Dollar Bridge using techniques outlined by Edwards and Glysson (1988). At five bridges—331,
1187, 332, 342, and the Million Dollar—bedload samples were collected using a sampler (Helley
and Smith, 1971) designed for collecting coarse material (medium sand to 76.2 square millime-
ters) and using techniques outlined by Emmett (1980). In 1992, bed-material samples were col-
lected at Bridges 331, 1187, 332, and 342. These samples were collected during a low-water
period from exposed sand and gravel bars downstream from these bridges. Bed-material samples
were also collected at several locations throughout the study area in 1994 and analyzed with the
bed-material samples collected at the bridge sites to determine the spatial size distribution of the
bed material.

Analytical techniques developed by Cohn and others (1989) were used to compute the
annual suspended-sediment discharge of the Copper River at the Million Dollar Bridge. Sus-
pended-sediment discharges at the Million Dollar Bridge were compared with the total suspended
sediment discharges at Bridges 331-345 to determine if sediment was being deposited in the study
area. Bedload data were analyzed to determine the size and quantity of material moving on the
riverbed

Suspended Sediment

Virtually all the sediment transported by the Copper River in a given year occurs during the
open-water season. In the spring, as snowmelt enters the Copper River, a corresponding increase
in streamflow and suspended sediment occurs. Flow and sediment transport are maintained
throughout the summer as glacial meltwater and rainfall runoff enter the river. In the fall, glacial
melt ceases, streamflow declines, and less sediment is transported.

The concentrations of suspended-sediment samples collected at each bridge usually
increased with a corresponding higher discharge (appendix 1). Most of the sediment is finer than
sand (<0.062 mm) or composed of silt and clay (appendix 1). A particle-size analysis on a
selected number of samples (appendix 2) indicated that the composition of the sediment ranged
from about 20 to 50 percent clay (less than 0.004 mm) and the remaining sediment consisted of
silt (0.004 to 0.062 mm) and sand (> 0.062 mm). On the average, the sand fraction is about 10
percent of the suspended load.

Boxplots of the suspended-sediment concentrations (fig. 23) indicate that the range of con-
centrations at each bridge is similar. As a further check on this distribution, a Kruskal-Wallis test
was done (Helsel and Hirsch, 1992). The Kruskal-Wallis test is appropriate because the data did
not exhibit a normal distribution. For the Kruskal-Wallis test, the following hypothesis was tested:

H,: The means of the nine distributions are equal (the null hypothesis);
H,: Not all of the means of the nine distributions are the same (the alternative hypothesis).

Results of the Kruskal-Wallis test (table 8) indicated no significant difference among the
mean suspended-sediment concentrations. Thus, the suspended-sediment concentrations at the
Million Dollar Bridge and at Bridges 331-342 are considered to be similar.
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Table 8. Results of Kruskal-Wallis test on suspended sediment concentrations
at bridges along the Copper River Highway

1) All observations ranked from 1 to N, smallest to largest.

2) Within each group, the average group rank, R; is computed:

Yy
J nj
Bridge Count Mean rank
331 21 971
1187 21 92.1
332 20 92.8
333 17 80.1
334 17 74.6
339 17 79.8
340 18 78.6
342 21 79.4
Million Dollar 20 98.2
3) The average group rank, R; is compared to the overall average rank, R = N—;l

squaring and weighting by sample size, to form the test statistic K:

k
a 12 N+17?
k= (N(N+1)).21"J[Rf' 2 ]
J:
K = 5.182

4) Determine the Chi-Square value for the number of degrees of freedom at the .05
level. Degrees of freedom equals 9-1 = 8. The Chi-Square value = 15.51.

5) Since K is less than the Chi-Square value we do not reject the null hypothesis.

Because continuous daily-discharge data were available for the Copper River at the Million
Dollar Bridge, the annual suspended-sediment load was computed. In computing the suspended-
sediment load, a relation between the instantaneous values of sediment discharge and streamflow
(fig. 24) was used. However, it is not always correct to assume that the relation between the
instantaneous values is the same for the daily values. Thus, the MVUE techniques were used to
apply a bias correction to each daily sediment discharge.
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Figure 24. Suspended sediment discharge and instantaneous water
discharge for Copper River at Million Dollar Bridge.

The total suspended-sediment load for the Copper River at the Million Dollar Bridge com-
puted by this method for the 1991-93 water years ranged from 63 to 78 million tons per year with
a 3-year average of 69 million tons. The annual suspended-sediment load for other large rivers in
Alaska was also computed as a comparison (fig. 25). On a total load basis, the Copper River trans-
ports approximately the same quantity of suspended sediment as the Yukon River does. However,
on a yield basis (tons per square mile), the Copper River exceeds the other rivers in Alaska by
more than a factor of 2.

For a given sampling period, most of the suspended-sediment samples at the bridges along
the Copper River Highway were collected over a 2- or 3-day period. Although precise compari-
sons of suspended-sediment discharges cannot be made, discharges were compared for these 2- or
3-day sampling periods to determine if some of the suspended sediment is deposited between the
Million Dollar Bridge and the Copper River Highway. This comparison (table 9), indicates that
more suspended sediment is being transported past the Copper River Highway from Bridges 331
to 342 than is being transported past the Million Dollar Bridge at discharges greater than
100,000 ft3/s. The samples collected on July 31, 1992 and June 22, 1993 (table 9) indicate that
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Bedload

Bedload sampling at the Million Dollar Bridge indicated no presence of bedload (appendix
3). This is not unexpected because the smaller size material that might be transported is trapped
by Miles Lake as the Copper River flows into it from the north. At the Million Dollar Bridge, the
Copper River does not produce the required shear stress to transport the particle sizes found in the
riverbed. Thus, bedload transport begins downstream from Childs Glacier as the Copper River
enters the alluvial plain.

Bedload transport most likely occurs along the entire distance from Childs Glacier down-
stream to the Copper River Highway. No samples were collected in this area due to the swift cur-
rents of the Copper River and consequent difficulty of collecting samples from a boat. The
bedload samples collected at Bridges 331, 1187, 332, and 342, which currently pass most of the
flow of the Copper River, give some indication of bedload transport characteristics at these loca-
tions along the Copper River Highway.

From the median diameter of the bedload material, D5, the composition of the bedload at
Bridges 331, 1187, 332, and 342 could be classified as coarse sand to medium gravel (appendix
4). However, there are some differences between bridges. At Bridge 331, the D5 ranged from 0.4
to 6.0 mm (coarse sand to fine gravel). The D5 at Bridge 1187 ranged from 0.4 to 1.8 mm (coarse
to very coarse sand). For Bridge 332, the D5, ranged from 0.5 to 0.9 mm, (coarse sand), which is
considered a narrow range. This particular channel is composed primarily of fine to very fine
sand. At Bridge 342, the D5, ranged from 0.8 to 16.0 mm (coarse sand to medium gravel).

The ranges of bedload discharge at Bridges 331, 1187, and 332 (Flag Point) were similar
(fig. 26). A Kruskal-Wallis test on the means of the bedload discharges (table 10) indicated no sig-
nificant differences. Bedload discharge as a function of the total sediment load was generally less
than 5 percent of the total at Bridges 331 and 1187 and generally less than 10 percent of the total
at Bridge 332 (appendix 4). Bedload discharge at Bridge 342 ranged from 1,000 to 14,700 ton/d
(fig. 26). Similar to Bridges 331, 1187, and 332, bedload discharge as a function of the total sedi-
ment load was less than S percent.

Transport of bedload begins at a particular discharge, sometimes referred to as the incipient
motion discharge (W.W. Emmett, U.S. Geological Survey, written commun., 1996). From the
incipient motion to the bankfull discharge, the relation of bedload discharge to water discharge is
very steep. At Bridges 331, 1187, 332, and 342, this type of relation was not apparent between
these two variables (fig. 27). The lack of a relation between bedload discharge to water discharge
may be due to the non-uniform distribution of transportable sediment in the lower Copper River.

The bedload data were further analyzed to determine if some type of relation exists between
bedload discharge and water discharge. In reaches where the supply of transportable sediment is
not uniformly distributed, a pattern of bedload transport has been described by Klingeman and
Emmett (1982). During a runoff period, the sediment supply at a sampling site downstream from
an area in which large quantities of transportable sediment are stored is depleted during the rising
stage of storm runoff. This depletion in supply results in reduced bedload discharges for a given
water discharge. During the recession stage of storm runoff, the supply of transportable sediment
at the sampling site is replaced by sediment scoured from the upstream storage area and bedload
discharges increases. In comparing the bedload collected during a rising stage or a falling stage
(fig. 27), this type of pattern appears to be evident at Bridge 342. More bedload was being trans-
ported during a falling stage or when discharge was decreasing. However, at Bridges 1187 and
332, the pattern appears to be reversed; more bedload was being transported during a rising stage
when discharge was increasing.
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Table 10. Results of Kruskal-Waliis test on bedioad discharge at Bridges 331
1187, and 332

1) All observations ranked from 1 to N, smallest to largest.

2) Within each group, the average group rank, R; is computed:

R..
= Y
R; = n.
J
Bridge Count Mean rank
331 16 18.6
1187 15 279
332 15 243
. N+1
3) The average group rank, R; is compared to the overall average rank, R = >

squaring and weighting by sample size, to form the test statistic K:
k
3 12 ) N+ 172
k= (N(N+ ) _zlnf[Ri' 2 ]
J =
K = 3.745

4) Determine the Chi-Square value for the number of degrees of freedom at the .05
level. Degrees of freedom equals 3-1 = 2. The Chi-Square value = 5.99.

5) Since X is less than the Chi-Square value we do not reject the null hypothesis.

Bed Material

Samples of bed material of the Copper River were collected at several locations throughout
the study area (fig. 28). Five of the sites—1, 6, 9, 10, and 11—represent samples collected at the
Million Dollar Bridge, and Bridges 342, 331, 1187, and 332, respectively. The remaining samples
were collected either from the riverbed or from nearby gravel bars. A particle-size distribution
was determined for each sample. These distributions were then analyzed in order to detect any
trends.

A foundation report by the ADOT&PF (1981) characterized the bed material of the Copper
River at the Million Dollar Bridge as boulders and cobbles with lesser quantities of sand and
gravel. According to Guy (1969), this type of material has a D5, ranging from 128 mm to greater
than 256 mm. Progressing downstream, the D5 of samples from sites 2 to 6 ranged from 17 to
65 mm (fig. 29). This type of material is classified as coarse gravel to very coarse gravel. At site 7,
approximately 4 mi downstream from Bridge 342, the material is composed primarily of fine
sand.
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Figure 29. Continued

The type of bed material from sites 8-11 downstream towards Flag Point ranged from
medium sand to fine or medium gravel. Thus, there appears to be a general trend of decreasing
size of bed material from the Million Dollar Bridge downstream to the Copper River Highway.
This decline in size downstream from the Million Dollar Bridge is probably due to the reservoir-
like effect of Miles Lake. Miles Lake cuts off the supply of bed material that can be moved and
the resulting effect is to armor the channel downstream from the lake outlet. As one proceeds
downstream, the effect is diminished.

Cross Sections of the Copper River
Most alluvial channels will adjust during the passage of a flood. The width, mean depth, and
mean velocity all increase as power functions with increasing discharge (Leopold and Maddock,

1953). Shear stress on the bed increases, and bed elevation changes due to either scour or fill. On
the falling stage, competence of the flow to transport sediment is changed, and bed elevation
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again changes, most commonly back to the approximate level as that which existed before the
flood. By surveying cross sections of a river at a particular point over time, trends—either aggra-
dational or degradational-—can be detected.

A common datum was established in the study area in 1991 by use of Global Positioning
System (GPS) techniques (Brabets, 1992, 1993). At each bridge, at least one monument was
established. When discharge measurements were made, the water-surface elevation was refer-
enced to this datum. In this way, streambed elevations could be determined from depth soundings.
At bridge sites where no flow was present, the ground elevation was surveyed in 1993. By com-
paring the cross sections, the quantity of scour or fill at a particular bridge site in a given year
could be determined.

In addition to the bridge survey data collected in 1991 and 1992, survey data were also
available from ADOT&PF files and from the original 1908 survey of the Copper River and North-
western Railway. Where possible, the survey data were adjusted to the 1991 datum. Thus, long-
term trends in aggradation or degradation at the bridges located along the Copper River Highway
could be determined by comparing the cross sections over time.

Cross sections of the Copper River between the Million Dollar Bridge and the Copper River
Highway were surveyed in 1993. The objectives of this surveying were threefold: (1) to deter-
mine the slope of the Copper River between the Million Dollar Bridge and the Copper River
Highway, (2) to determine the main channel(s) or thalweg of the river, and (3) to determine loca-
tions along the Copper River where the channel is constantly changing.

Historical Data

The earliest known cross sections of the Copper River were surveyed in 1908 during con-
struction of the Copper River and Northwestern Railway (data available at Cordova Museum,
Cordova, Alaska). Although the datum that was used in 1908 could not be adjusted to the cur-
rently used datum, these cross sections still provide some information on the probable locations of
the main channels of the Copper River in 1908. These data were surveyed in May 1908, which
corresponded to a relatively low-flow period of the Copper River.

Using the survey data and corresponding water-surface elevation, the cross-sectional area at
each bridge was determined. The cross-sectional areas (table 11) and inspection of the cross sec-
tions (fig. 30) indicated that probably the main channels—and thus most of the discharge—passed
through Bridges 331, 1187, 332, and 334. Most likely, smaller channels carrying less flow passed
through the remaining bridges.

The cross-sectional areas of the bridges in 1908 were compared with cross-sectional areas of
the bridges measured in May 1993. Assuming that flows, water-surface elevations, and water
velocities were relatively similar in May 1908 and May 1993, differences in areas exist (table 11).
The most significant is the magnitude of increase in cross-sectional area at Bridge 342, which
indicates that flow patterns of the Copper River have changed over time. The reduction in cross-
sectional area at Bridges 334, 344, and 345 also indicates that less flow or no flow is passing
through these bridges.

The next known cross sections of the Copper River at the bridges along the Copper River
Highway were surveyed in 1968. Between that time and 1993, significant changes took place at
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Table 11. Comparison of cross-sectional areas
at bridges along the Copper River Highway,
1908 and 1993

Area, in square feet

Bridge
1908 1993
331 5,050 6,880
1187 5,800 5,690
332 6,870 3,100
333 3,100 1,650
334 7,500 2,040
336 1,200 0
339 1,400 820
340 800 1,290
342 1,200 12,300
344 975 0
345 1,325 0

some bridges (fig. 31). Two distinct channels formed at Bridge 331, whereas the channel at Bridge
1187 remained relatively unchanged. At Bridge 332, there appears to be continual scour and fill,
although the channel has not changed significantly since 1968. Bridges 333, 334, 336, 339, and
340 all have distinct channels that formed since 1968 and did not change significantly between
1991 and 1993.

From 1908 to 1968, no significant channel changes appear to have taken place at Bridge 342
(fig. 30 and fig. 32). The channel at the bridge in 1968 was 280 ft wide and when the replacement
bridge was constructed in 1976-78, the channel was cleaned out to a width of 400 ft. Three years
later, during the 1981 flood, the Copper River cut a channel through the road at the approach to
the bridge (Cordova Times, 1983).

Beginning in 1982, the ADOT&PF began to monitor the streambed at Bridge 342 on a regu-
lar basis. Because of the increased flow through the bridge, contraction scour occurred. The chan-
nel continually scoured and filled, and as much as 54 ft of scour occurred from 1968 to 1985 at
one point in the channel (fig. 32). From 1982 to 1987, the mean bed elevation of the channel
decreased from 36.6 ft to 22.0 ft (table 12). Concern for the safety and integrity of the bridge led
ADOT&PF to make major repairs to the structure in 1987. These repairs consisted of lengthening
the bridge at each end by 240 ft (480 ft total) and constructing spur dikes at the left and right
upstream abutments. Construction was completed in November 1988.

After construction, the first cross section at Bridge 342 was obtained in August 1989. The
mean bed elevation was 46.3 ft. High water of 1989 overtopped and destroyed the left bank
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Figure 31. Cross sections of the Copper River at bridges along the Copper River Highway,
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Figure 31. Continued

upstream spur dike. The flow of the Copper River was directed at the highway embankment and
then flowed westward under the bridge. This resulting change in flow direction caused consider-
able scour on the right side of the channel (fig. 32) and lowered the mean bed elevation to 34.9 ft.
In 1990-91, the spur dikes were rebuilt to a higher elevation. Since that time, the channel has con-
tinued to shift. In 1991, the tip of a gravel bar upstream from the bridge was about 300 ft from the
tip of the rebuilt spur dike (fig. 33-34). From 1991 to 1993, surveys showed the gradual erosion of
the gravel bar and the gradual realignment of the channel. In 1991, the angle of flow to Bridge 342
was approximately 70 degrees. By 1994, visual observations indicated that most of the gravel bar
had eroded and that the angle of flow to the bridge was nearly 90 degrees. This realignment most
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Figure 32. Cross sections of the Copper River at Bridge 342, 1968-1995.
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likely caused the scour on the left side of the channel (fig. 32). In 1995, visual observation indi-
cated that the gravel bar had reappeared and the angle of flow had returned to about 70 degrees.
This change in flow direction most likely caused fill to occur in the left side of the channel.

Comparison of cross sections taken at the Million Dollar Bridge in 1978, 1991, and 1992
(fig. 35) indicates that only about 2 ft of scour and fill has taken place. Some of these differences
may be due to the inaccuracies of the various surveys. Although the precise datum of the 1913
cross section is unknown, comparing this cross section with the later cross sections indicates that
the two main channels present in the 1978, 1991, and 1992 cross sections were also present in
1913. Further evidence that the channel at the Million Dollar Bridge is stable is the cross section
obtained in October 1995, after the large flood in September. No significant changes were noted.
The area between pier 1 and pier 2 and the area near pier 3 may not have scoured, because the
1913 cross section is the only one measured at the upstream side of the bridge.

1993 Data

A number of cross sections at various locations along the Copper River between the Million
Dollar Bridge and the Copper River Highway were surveyed in 1993 (fig. 36-37). Some of the
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Table 12. Changes in mean bed elevation of the Copper River
at Bridge 342, 1968-92

[All values in feet]

e Mot b M
elevation
1968 48.0 - 43.0
7-15-82 36.6 -11.4 26.0
7-27-83 284 -8.2 4.0
7-22-84 30.7 +2.3 9.0
8-6-85 224 -8.3 -11.0
7-7-86 24.0 +1.6 4.0
7-29-87 22.0 -2.0 -5.0
After bridge lengthening
8-89 46.3 -- 32.0
5-10-90 39.6 -6.7 26.0
6-15-90 34.9 -4.7 14.0
After new spur dike
6-7-91 37.5 +2.6 27.5
9-12-91 41.3 +3.8 20.3
9-18-92 32.5 -8.8 20.7

IMean bed elevation is based on a width of 400 ft before
August 1989 and a width of 880 ft from August 1989 to
September 1992

cross sections were surveyed twice in order to determine the relative stability of the channel. It
should be noted that there is some error associated with the surveying, primarily due to the diffi-
culty of surveying from a boat situated in high water velocities.

Cross section 1 (fig. 37) is located just downstream from Childs Glacier. The bed material at
this site is composed of large cobbles and boulders, similar to the characteristics found at the Mil-
lion Dollar Bridge. The section is uniform and deep and not likely to change because of the type
of material. The remaining cross sections are located within the alluvial plain and are expected to
change.

Sections 2, 3, and 5 define the main channel of the Copper River. The channel widens from
approximately 1,500 ft to more than 2,500 ft along this reach of the river. Each section is charac-
terized by a relatively deep subarea. Velocities along this reach at the time of surveying were esti-
mated to be about 8 ft/s.

Section 4 was surveyed to define the characteristics of a bend of the Copper River down-
stream from section 2. Surveying was difficult in this area but generally, the deepest part of the
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river is at the outside or left edge of the bend. Section 6 defines a channel downstream from this
bend and was uniform and deep, and approximately 1,000 ft wide. Because the width is shorter in
this reach than it is in the reach defined by sections 1, 2, 3, and 5, this reach is considered a sec-
ondary channel.

Cross section 7 is more than 5,000 ft wide and represents most, if not all, of the flow of the
Copper River. The main channel of the Copper River is located approximately 1,500 ft from the
left monument and is more than 30 ft deep. Sections 8 and 9 confirm that the main channel of the
Copper River is located along the left side. Section 10, located at the entrance channel to Bridge
342, scoured considerably in 1993. The scouring may indicate that additional flow is entering this
channel.

Cross sections 11-12 define the channel towards Bridge 342, whereas cross sections 13-18,
define the channel towards Flag Point. Cross sections 10-12 indicate that the channel towards
Bridge 342 is constantly shifting. Sections 13-18 indicated that most of the flow in this reach of
the Copper River flows near the right bank.

Water-Surface Profiles

Water-surface profiles of the Copper River from Miles Lake to Bridge 342 and from Miles
Lake to Bridge 331 were developed from the surveyed cross-section data (fig. 38). From these
profiles several observations can be made. The water surface is relatively flat from Miles Lake to
the Million Dollar Bridge. From this point downstream to Bridge 342, a distance of 13.1 mi, the
water-surface elevation decreases 88.5 ft for an average slope of 0.0013. From the Million Dollar
Bridge to Flag Point, a distance of 22.7 mi, the water-surface elevation decreases 120 ft for an
average slope of 0.0010. A slight change in gradient is noticeable at approximately mile 20.

Entrainment of Bed Material

The power or ability of moving water to transport bed material is commonly referred to as
competence or the ability to entrain sediment. Entrainment has been expressed in terms of the
intermediate diameter of the largest particle that can be transported at a given flow velocity (Scott
and Gravlee, 1968). Entrainment has also been expressed as tractive force or related to boundary
shear (Fahnestock, 1963). Regardless of the terms and units used to describe entrainment, the
concept of a critical flow strength at which particles begin to move on a riverbed is central to sed-
iment transport theory.

The processes of selective grain entrainment are not completely understood. Factors such as
a particle’s exposure to flow, its pivoting angle over another particle, and frictional forces still
require additional study. However, in general terms, with the passage of a flood, the lift and drag
forces acting on a particle increase. When these forces exceed the restraining forces of weight and
friction, bedload transport commences, which subsequently can lead to channel changes.

In most natural gravel-bed rivers, the bed material is immobile in ordinary flow conditions
and moves only during floods. The critical flow condition for entrainment is therefore of interest.
Perhaps the most common means of predicting the threshold of motion is the computation of the
shear stress:
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T= pgdS

where T is shear stress,
p is density of water,
g is acceleration due to gravity,
d 1s mean water depth, and
S is water surface slope.

Previous works by Andrews and Smith (1992) and Neill (1968) have shown that occasional
motion of bed particles begins at a dimensionless shear stress as small as about 0.020. Only those
particles resting in the shallowest bed pockets, however, can be moved under these conditions. As
the dimensionless shear stress increases, the number of bed particles in transport increases rap-
idly, and at a shear stress of about 0.060 most of the particles on the bed surface are in motion.

Because shear stress is not routinely monitored, efforts have been directed towards develop-
ing an entrainment criterion in the form of a critical discharge. For example, Komar (1989) under-
took comparisons between entrainment formulas and empirical relationships based on selective-
entrainment measurements. He concluded that unit-width discharge equations for determining the
entrainment of bed material developed by Bathurst and others (1987) were compatible with shear
stress measurements.

Ferguson (1994) has continued this type of research and has recently developed a critical
discharge equation for entrainment, which was used in this study. Although there are some limita-
tions and assumptions of Ferguson’s equation, it was used to establish a range of entrainment dis-
charges at various locations along the Copper River. The past history of flows in the Copper River
could then be compared with the entrainment discharges to determine if these flows would have
been of sufficient magnitude to cause entrainment of the bed material.

Ferguson (1994) related the entrainment discharge of a certain particle size to slope and Dy,

as follows:
D. Yo.19
15| Y
0 0.134 (D) (1—);(-)]
ci §137
where Q. is discharge per unit width, in square meters per second;

D5 is median diameter of bed material, in meters;
D, is diameter of bed material of interest, in meters; and

S is slope.

The constant, 0.134 is dependent on the value of the T sq, the dimensionless shear stress
required to move a particle of diameter D5, and m, which is a value dependent on the roughness
height and Ds. For the above equation, Ferguson used a value for T 5o of 0.06 and a value for m
of 1.14 to determine the constant of 0.134. The exponent, 1.37, used for S is dependent on the type
of flow resistance law, and can range from 1.17 to 1.37, which does not significantly influence the
value of critical discharge. The exponent of 0.19 is dependent on a hiding factor which can range
from O to 1. A hiding factor of 0 indicates that the particle will move only when its critical shear
stress is exceeded, whereas a value of 1 indicates that the movement of the particle is dependent
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on the ambient size of other particles. For the above equation, Ferguson used a hiding factor of 0.9
to determine the value of 0.19.

As Ferguson’s assumptions were considered reasonable, his equation was used at several
cross sections where bed material, slope, and channel width data were available. The intent of
using Ferguson’s equation was to establish a range of discharges which could indicate that
entrainment of bed material would occur.

The discharge values needed for entrainment of selected particle sizes using Ferguson’s
equation are realistic (table 13). The range of entrainment discharges which were computed do
occur in the Copper River. One noteworthy feature is the range of flows required to move material
near Bridge 342. These discharges occur frequently at Bridge 342. The fact that the cross sections
are constantly changing confirms that considerable bed material is being transported past the
bridge.

Table 13. Discharge estimates for bed entrainment at various locations along the Copper River

Discharge, in cubic feet per second

Location \(/;gitg (r?,'?g) Slope Particle size, in millimeters
4.0 8.0 16.0 32.0 64.0 128
Cross section 3 . 800 25 0.0014 26,100 29,800 34,000 39,000 44200 50,500
Cross section 4 1,200 65 0.0015 41,300 47,300 54,200 61,500 70,600 80,000
Cross section 10 2,000 17 0.0008 85,200 97,000 110,500 126,500 144,200 164,400
Bridge 342 830 32 0.00095 64,000 73,000 83,300 95,100 108,500 123,700

Note: Ferguson’s (1994) equation uses units of meters and square meters per second per meter of width. All
calculations were done in metric units and then converted to inch-pound units.

Aerial Photography

Analysis of aerial photography obtained at different time periods is perhaps one of the best
techniques to document channel changes. For many years, this type of analysis was done using a
zoom transfer scope. With a zoom transfer scope, an aerial photograph can be viewed in superpo-
sition with a map, and information from the photo can be readily transferred onto the map by
direct tracing. In recent years, digital computer techniques have been developed that allow infor-
mation from photographs to be stored electronically. The significance of the digital methods is
that one can build a model that removes the photo distortion.

Aerial photography of the study area is available for 8 years: 1950, 1965, 1971, 1974, 1978,
1982, 1985, and 1991. The scale of the photography (table 14) ranged from 1:12,000 to 1:60,000.
With the exception of the 1974 and 1982 photography, photo coverage of the study area was com-
plete. Interpretation of the aerial photography was done by the use of an AP190 analytical stereo-
plotter. This stereoplotter has a 10-15 micrometer measurement capability and is coupled to a
desktop computer. The computer software developed for the AP190 is based on established pho-
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togrammetry equations and includes programs for interior, relative, and absolute orientation of
stereographic models. After a set of stereo models was registered, SIMBA (SIMultaneous Block
Adjustment), a software program developed by the USGS, was then used to link the stereo models
together. SIMBA is an aerial triangulation program for the ground adjustment of independent
models as single models, strips, or blocks. The program adjusts a block of photogrammetric units
(such as stereo models) to each other and to ground control in two or three dimensions.

Table 14. Aerial photography obtained
for the lower Copper River.

Date Type Scale
8-01-50 Black and white 1:50,000
7-07-65 Black and white 1:12,000
7-09-71 Color 1:40,000
7-17-74 Color 1:18,000
8-18-78 Color infrared 1:60,000
7-27-82 Color infrared 1:60,000
8-27-85 Color infrared 1:60,000
8-07-91 Color 1:30,000

As the AP190 measures photo coordinates on a stereo model, the computer software con-
verts and stores the coordinates in a specified datum. In this study the Universal Transverse Mer-
cator (UTM), North American Datum of 1927 (NAD27) was used. For each stereo model,
features such as edge of water, vegetated bars or islands, and gravel bars were digitized. Some
subjectivity was involved in determining the number of gravel bars to digitize, because digitizing
is very time consuming. Thus, the procedure for determining the number of gravel bars to be dig-
itized was one of digitizing data until it appeared that the photography was accurately repre-
sented.

The digitized data were entered into a Geographical Information System (GIS) database.
The GIS of the study area provided a means to compare the aerial photography easily and at a
common scale. Using GIS techniques, each year of aerial photography was analyzed to document
significant features such as the main channel(s) or large gravel bars. Beginning with the 1965
aerial photography, comparisons were made with the previous aerial photography (for example
1965/1950, 1971/1965 etc.) in order to document features such as channel changes or loss of veg-
etation.

Another aspect of the photographic interpretation was to determine if effects caused by
uplift from the 1964 earthquake could be detected in the study area. Uplift is an important consid-
eration because it may have resulted in some channel changes in the lower Copper River. No sur-
vey data—before and after the earthquake—exist to determine how much uplift occurred in the
study area. However, if significant uplift had occurred in the study area, characteristics such as
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large sediment deposits and channel changes, would be seen readily from the aerial photographs
obtained after 1964.

For each year of aerial photography, the discharge of the Copper River was determined
using the equation developed by the LOC technique. Then, using the stage-discharge rating curve
from the gaging station at the Million Dollar Bridge, the water-surface elevation was determined.
Thus, when comparing successive years of photography, knowing the difference in discharge
between the two years assisted in the interpretation of features such as gravel bars. In addition,
throughout this discussion, the flow characteristics given in figure 21 are used to determine if any
relation(s) between flow and channel changes existed.

1950 to 1965

The period from 1950 to 1965 can be classified as a fairly quiescent period. Average dis-
charge was below the long-term average in 7 of the 10 years for which daily flow records were
available (fig. 21). The highest known peak discharge during this period was 285,000 ft3/s, which
is estimated to have a recurrence mterval of approximately 10 years. Only 6 years had flow peri-
ods where discharge exceeded 200,000 ft%/s.

In 1950, the Copper River flowed in a south/southwestward direction towards Flag Point
(fig. 39; note: figures 39-55 are on pages 91-123). The alluvial fan at the south side of Goodwin
Glacier did not protrude significantly into the main channel of the Copper River. A secondary
channel flowed primarily southward toward Bridge 345<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>