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6.1.5

6.1.6

6.1.7

Illinois. The size distributions were determined by the electrozone
method (Karuhn and Berg 1982).

Temperature

A mercury thermometer was used for instantaneous temperature mea-
surements. Temperatures were read to the nearest 0.1 degree Celsi-
us. These measurements compared favorably to those reported by the

Alaska Power Administration.

Light Penetration

Secchi disk depths, as defined by Wetzel (1975), were measured using
a disk painted in alternate quadrants of black and white to facilitate
definition when submerged. Secchi disk measurements were reported

to the nearest 0.1 foot.
Powerplant Intake

The layout of the Eklutna Hydroelectric Project works, including the
powerplant intake in the lake and the tailrace adjacent to the Knik
River are shown schematically in Figure 6.1. The intake works are
for withdrawal at a single level in the reservoir (elevation 794 feet)
and are located on the north shore of Eklutna Lake near Station 15
(Figure 3.1). The original intake structure extended over 200 feet
along the lake bottom and was surrounded by gently-sloping (10:1
slope) sides, as shown in Figure 6.1. However, CH2M Hill (1981)
reported that the intake had to be rehabilitated after the 1964

earthquake.

The intake structure as replaced consists of a rectangular,
reinforced-concrete box, open and protected by trashracks on its
top, front, and two sides. The trashracked portion is about 23 feet

wide, 20 feet high, and 22 feet long in the direction of conduit flow,
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6.1.2

6.1.3

6.1.4

was often too icy and treacherous, so sampling was done at the edge
of the pond, within 5 meters of the outlet ports. Temperature and

light penetration measurements were also made at sampling times.

Turbidity

The tailrace water samples were refrigerated between time of collection
and time of analysis, which was normally within one day of sampling.
Turbidity analyses were performed at the R&M office using a Hach
Model 16800 Portalab nephelometric turbidimeter until August 1984,
when a Monritek Model 31 nephelometer was purchased and used.
Analytical procedures for turbidity were those described in Standard
Methods (APHA et al. 1981). Calibration standards were supplied by
the instrument manufacturers. Some differences were noted in
measurements made with the two instruments, so preliminary values

were adjusted using an empirical correction relationship.

Conductivity

Samples were analyzed at the R&M office for conductivity using a YSI
Model 33 S-C-T meter and adjusted to conductivity at 25°C (APHA et
al. 1981).

Suspended Sediment

Analyses of suspended sediment concentration were performed by
Chemical and Geological Laboratories of Alaska, Inc. using standard
methods for detection of total nonfilterable residue (APHA et al.
1981). The samples were refrigerated after collection until analysis,
which was normally the same day as or the day after sampling.
Filters with 0.45-micron pore sizes were used for determining the TSS
concentrations. Particle-size distributions and mineralogic analyses

were performed by Particle Data Laboratories, Ltd., of Elmhurst,
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definition when submerged. Secchi disk measurements were reported

to the nearest 0.1 foot.
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The layout of the Eklutna Hydroelectric Project works, including the
powerplant intake in the lake and the tailrace adjacent to the Knik
River are shown schematically in Figure 6.1. The intake works are
for withdrawal at a single level in the reservoir (elevation 794 feet)
and are located on the north shore of Eklutna Lake near Station 15
(Figure 3.1). The original intake structure extended over 200 feet
along the lake bottom and was surrounded by gently-sloping (10:1
slope) sides, as shown in Figure 6.1. However, CH2M Hill (1981)
reported that the intake had to be rehabilitated after the 1964

earthquake.

The intake structure as replaced consists of a rectangular,
reinforced-concrete box, open and protected by trashracks on its
top, front, and two sides. The trashracked portion is about 23 feet

wide, 20 feet high, and 22 feet long in the direction of conduit flow,
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and the inlet channel is 100 feet wide and about 720 feet long (CH2M
Hill 1981).

6.1.8 Powerplant and Outlet Characteristics

The Eklutna Project was constructed as a single-purpose,
30,000-plus-kilowatt hydroelectric project by the U.S. Bureau of
Reclamation in the early 1950's. It is now owned and operated by the
Alaska Power Administration, U.S. Department of Energy. The
pressure tunnel is a 9-foot diameter, circular, concrete-lined tunnel,
23,550 feet long with a design flow capacity of 640 cfs. The penstock
is 1395 feet of steel pipe encased in concrete, and has diameters of
91", 83", and 75" in different portions of its length. The current
total installed capacity of the two Francis-type turbines in the
powerplant is 33,334 kilowatts, with a maximum gross head of 865
feet. Average annual energy production from the plant between 1955
and 1980 was 156,000 megawatt-hours, ranging from 97,000 to 204,000
megawatt-hours in any vyear. The tailrace consists of a
reinforced-concrete pressure conduit, 209 feet long and of varying
width and depth, which discharges into an open channel. The open
channel has a 25-foot bottom width, side slopes of 2:1, a depth of
12.5 feet, and a length of about 2000 feet before emptying into the
Knik River (CH2M Hill 1981).

6.2 Results and Discussion

The variation of TSS, turbidity, Secchi disk depth, and water temperature
of the outflow are shown for 1984 in Figure 6.2. Each data point is an
instantaneous value obtained during sampling, which was conducted twice
per week during the open-water season. The full data set is summarized
chronologically in Appendix L, Table L.1. The outflow water is withdrawn
from Eklutna Lake in the vicinity of Station 15, so lake data obtained at
Station 15 should be similar to measurements made at the tailrace.

Comparison with the isotherm plots in Appendix H shows good agreement

6-4



with the measured tailrace temperatures. The recorded outflow
temperatures appear to be close to or slightly higher (1°C or so ) than
those observed at the intake level at Station 15. This is reasonable to
expect, indicating that either the intake may be drawing warmer water
from nearer the lake surface or the water may be warming as it flows
through the tunnel and powerplant. The observed water temperatures of
the outflow ranged from a low of 3.8°C in November to a high of 12.8°C in

late June.

Turbidity and TSS levels measured in the outflow were fairly uniform
through the year, with a few upward spikes, likely induced by wind
events at the lake. The base level of turbidity also rose during the
July-September summer season. Turbidity over the whole period ranged
from 3.0 NTU in early June to a peak of 46 NTU in late August and then
dropped back down to 6.6 NTU by November before the lake froze up.
The TSS values varied from a spring low of 0.5 mg/l in June to a high of
36 mg/l in late July and then a low again of 2.2 mg/l in November. Only
minor fluctuations between 2.2 and 7.6 mg/l and 6.6 and 15.5 NTU were
observed for TSS and turbidity after mid-September.

The sharp peak in both plots in late August was probably due to strong
southeast winds that blew down the lake and persisted for several days.
These winds would tend to transport more surface water down the lake and
would also tend to move more of the turbid inflow down the lake. The
tailrace temperature also rose slightly at this time, probably due to the
presence of additional warm surface water in the outflow. Another
possible explanation for the increases in turbidity and TSS s that the
winds blowing down the lake develop sizeable waves (up to 2 feet) at the
northwest end. These waves beat on the shoreline near the intake works

and may entrain sediment in the water from the banks of the lake.

A plot of the comparison between turbidity and total suspended solids for
the tailrace data is shown in Figure 6.3. The relationship is weak, with a
correlation coefficient of 0.25.




R24/5 47

Particle-size distribution plots are presented in Figure 6.4 for three 1984
samples of suspended sediment from the tailrace. The samples were
collected on July 20, August 28, and October 23, the same dates the inflow
streams were sampled. The data used for plotting the graphs are
tabulated in Appendix F, Tables F.7-F.9, which were obtained from

Particle Data Laboratories.

Outflow data for use in the DYRESM model are tabulated in Appendix N.5.
The table gives daily values of outflow volume, water temperature, and the
level of Eklutna Lake, all of which were obtained from the Eklutna Water

Project (from the U.S.G.S. for the recent lake levels).

The Eklutna Water Project (EWP), a project to transport drinking water
from Eklutna Lake to Anchorage, is currently being developed bty the
Municipality of Anchorage Water and Wastewater Utility. The engineering
contractor for the Municipality prepared a report which presented some

newly-acquired water quality and sediment data (Montgomery Engineers,

Inc. 1984). These data and supporting information are included in
Appendix M in Tables M.1 and M.2, Figures M.1-M.6, and Photos M.1 and
M.2. Samples were collected at the powerplant during three six-week

phases in 1983: February-March, May-June, and September-October.
Table 4.1 gives ranges of numerous water quality parameters that were
analyzed during their studies. Plots of turbidity and water temperature
are shown in Figure M.1; samples were obtained daily for the entire period
of mid-February through late October 1983. The observed temperatures
ranged from 39°F (4°C) to 56°F (13°C), and the measured turbidity values
varied between 7.5 and 68 NTU. Several particle-size distribution plots
are shown, in Figures M.2-M.4. It should be noted, however, that these
plots are for counts of particles - not particle volume or particle weight -
so they may not be directly compared with the distributions in Figure 6.4
and Appendix F. For comparison, the tables of particle-size distributions
based on count obtained from Particle Data Laboratories for the 1984
tailrace samples are also shown in Appendix F (particle-size distributions

by PDL were determined by count and by volume). Several measurements
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were made for the EWP of TSS concentrations in various size ranges and
on several dates. These data are tabulated in Table M.2 and plotted in
Figure M.5. Figure M.6 compares turbidities with TSS concentrations
obtained from various filter sizes. Finally, Photos M.1 and M.2 show TEM
(transmission electron microscope) and SEM (scanning electron microscope)

photographs of particles observed in the water samples.
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7.0 RIVER-LAKE SYSTEM RELATIONSHIPS

Time plots for 1984 which demonstrate the seasonal variation in the
parameters and also compare the measured levels in the inflow, in the
lake, and in the outflow are shown in Figures 7.1-7.3 for turbidity, TSS,
and water temperature, respectively. Inflow (both East Fork and Glacier
Fork) and outflow (tailrace) data are plotted from the samples obtained
twice per week from mid-May through mid-November. The lake data were
measured at the center of the lake (Station 9) during profiling trips
performed monthly from mid-March to mid-May and twice per month from
early June through late November. Station 9 values from the same depths
where sediment samples were obtained for a date were averaged to provide

a single value for the plot.

Several trends are evident in Figures 7.1-7.3, indicating that thermal and
sediment effects may work their way through the system and out the lake.
The turbidity and TSS plots follow each other fairly well in general, so
they can be considered together. The minimum turbidity levels in the
inflow streams occurred in early June, rose sharply a few weeks later, and
reached the observed peak of the year around July 1. Levels fluctuated
quite a bit but stayed high for almost all of July. The low turbidity at
Station 9 occurred in early June rose gradually through June and July,
and did not peak until mid-July, a week or two after the streams’ peaks.
A lag is expected, considering travel time down the lake, but differences
in sampling frequency could also effect the apparent difference in timing of
the events. A further lag was seen at the tailrace: the rise in turbidity
began in late June and continued until the peak in late July. Secondary
rises in turbidity on both streams in late July show up as high turbidity
values at Station 9 about 2 weeks later and then in the outflow a week or
so after that (late August). Ther~ were also some winds in the third
week of August which may have affected the turbidity of the outflow.
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The peaks in late September initially appear to be out of phase in the
wrong direction, i.e. the high turbidity occurs first at Station 9 in the
lake, then in the streams, then at the tailrace. However, the high lake
and tailrace values were preceded by strong southeast winds which had
lasted almost two days and probably produced mixing in the lake. The
high stream turbitities and TSS concentrations followed a day where nearly

an inch of rain fell in 24 hours, causing a rapid rise in both creeks.

The progress of the temperature changes through the river-lake system is
more subtle than the sediment/turbidity changes, likely due to the
importance of factors external to the stream in influencing the lake's
thermal condition. The suspended sediment in the lake originates almost
entirely in the East Fork and Glacier Fork tributaries, but summer
warming of the lake comes primarily from atmospheric influences (solar
radiation, thermal convection, and thermal conduction). The general shape
of the temperature plots through the year is with a broad peak for the
average Station 9 temperatures, a similar broad peak in the outflow but
with fluctuations up or down a couple of degrees at a time, and generally
uniform base stream temperatures but with frequent variations. The
Station 9 temperatures plotted wzre averages of measurements made at the
same depths where TSS/turbidity samples were taken; this generally gave
a slight bias toward conditions at the lake surface, rather than for the full

depth, as can be seen by comparing to Figure 5.3.

Station 9 warmed up fairly quickly in May and June, reaching the
observed high for the vyear in mid-June. The outflow temperatures
followed a similar pattern but occurring slightly later, rising in June to
peak late in the month. The temperatures in the streams fluctuated
considerably early in the summer (May). This was before the glaciers had
begun melting significantly, so streamflow was derived chiefly from
snowmelt and groundwater inflow. On sunny days, the solar radiation
would warm the stream water directly, especially at Glacier Fork where the
discharge was still very low. Temperature fluctuations later in the year

were due to other environmental factors - air temperature, wind, solar
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radiation, precipitation, and degree of influence from the glaciers. The
proximity of the Glacier Fork gage to the Eklutna Glacier terminus made it
particularly sensitive to activities of the glacier. The stream and outflow
temperatures plotted were instantaneous measurements made at the time of
suspended-sediment sampling. Some fluctuation is due to differences in

sampling time, as was discussed in Section 4.

Inspection of the monthly inflow to and outflow from the lake for a
one-year period (Table 7.1) shows the total annual contributions for East
Fork and Glacier Fork to be nearly identical though Glacial Fork had a
higher summer flow and lower winter base flow. Also, the sum of the East
Fork and Glacier Fork discharges for the year, 188,000 acre-feet, was 91%
of the lake outflow for the same period. Thus, all but a very small share
of the lake inflow comes from the East Fork and Glacier Fork drainage

areas.
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TABLE 7.1

COMPARISON OF EKLUTNA LAKE INFLOW AND OUTFLOW, WATER YEAR 1984

Eklutna Lake Monthly Inflows and Outflows (acre-feet)

Powerplant

Outflow

7,300
8,500

206,200

Month East Fork Glacier Fork Sum
(EF) (GF) (EF&GF)
October 1983 5,500 4,400 9,900
November 3,000 1,800 4,800
December 2,700 300 3,000
January 1984 2,000 0 2,000
February 1,800 1,800
March 1,300 1,300
April 1,500 0 1,500
May 3,900 700 4,6C0
June 13,400 10,000 23,400
July 23,500 30,900 54,400
August 27,100 38,600 65,700
September 7,400 8,100 15,500
TOTAL 93,100 94,800 187,900
Notes: 1. Inflow data were measured by R&M Consultants (June-September).
Values for November-April were estimated, and Octcker and May
values were partially estimated.
.

Outflow data were prcvided by Alaska Power Administration.
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