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UTIVE SUMMARY

roose and Scope
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modelling of the Watana and Devil Canyon Reservoirs in the

7

Susitna Hydroelectric Project was undertaken to refine estimates of the
water temperature, turbidity, and suspended sediment levels to be

wpected within the reservoirs and in the river downstream. The

state-of-the-art, one-dimensional DYRESM (Dynamic Reservoir Simulation
Model) computer model was selected to simulate the two reservoirs in the
glacier-fed Susitna River. Successful application of the model required
calibration on an existing glacial lake system. Eklutna Lake, near
Anchorage, was chosen as the calibration lake because of its hydraulic and
morphologic similarities to Watana Reservoir. Both lakes have similar
average residence times within the lake (1.77 and 1.65 years for Eklutna
and Watana, respectively), both have similar climatological conditions, and
both are reservoirs operated or to be operated for hydroelectric power

ruduction.

e

For temperature modelling of Eklutna Lake, continuous data were required
on inflow volume and temperature, outflow volume and temperature, and on
measurements of energy transferred to and from the lake. Sediment
modelling required the same thermal data to account for the mixing and
circulation processes within the lake. Sediment inflow and outflow
quantities were required as well. Periodic profiles and samples were taken
at selected stations in the lake to be used in the model verification and to
document the lake's mixing environment and sediment dynamics.
Supplementary data were collected at the same time to define light
penetration relationships in the inflow streams and in the lake. The
collection of continuous data began in June 1982 and proceeded until
December 1984. The 1982 data were summarized in an nterim report (R&M
Consultants 1982a): the current report presents the 1983 and 1984 Ekiutna
Lake data. Some supplementary data from the winter of 1984-85 are

presented in an appendix.



iata collection program was designed to provide input data for the

he model, and to

e

model, to provide lake data for wverification of
provide information on the lake processes which affect the internal and
outflow temperature and sediment characteristics. The methods summarized
below were used to document the meteorologic inputs; the water discharge,
sedimaent discharge, and temperature of the lake inflow stream; the
temperature and suspended-sediment patterns in the lake; and the water

discharge, sediment discharge, and temperature of the lake outfiow.
1.2 Equipment and Methods

Meteorologic data were measured by a Weather Wizard (a digital recording
weather station) which was located on the brush-covered floodplain at the
head of the lake. Instantaneous values were recorded every 15 or 30
minutes for air temperature, relative humidity, solar radiation intensity,
and longwave radiation intensity. Cumulative precipitation was measured
and recorded at the same time intervals. Average windspeed and wind
direction and peak wind gust observed over the preceding 15 or 30
minutes were also reported. Data were recorded onto magnetic cassetis
tapes, which were replaced once per month during inspection/maintenance
visits. The cassettes were computer-processed and summarized on a

monthly basis by a hydrologist.

The Eklutna Lake inflow enters the lake at one point at its southeast end.
However, two primary tributaries combine to form the Eklutna River a
short distance upstream. Each stream was gaged and sampled separately
because of the lack of satisfactory access and gaging sites downstream of
their confluence. One tributary discharges from Eklutna Glacier and was
designated Glacier Fork; the other was called East Fork. A stilling well,
float, and strip-chart water level recorder were installed on each creek
and operated through the open-water seasons (May-October) of 1982-84.
Ryan thermographs were also operated in the streams concurrently, so
continuous records were obtained of the water levels and water

temperature. Periodic discharge measurements were made to determine
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stage-discharge relationships. The discharges and temperatures were
u

reported as mean daily values for DYRESM input.

4

Occasionally in 1982 and frequently in 1984, depth-integrated water
samples were collected at the East Fork and Glacier Fork gaging stations
and analyzed for turbidity and total suspended solids (TSS) concentration.
Field measurements of conductivity and Secchi disk depth were also made
on these trips. Sampling in 1984 was done twice per week at each site
from early June through freeze-up (about mid-November). Additional
suspended sediment samples were taken in July, August, and October and
analyzed for particle-size distribution by Particle Data Laboratories in
Chicago.

The sampling program in the lake consisted of monthly trips in 1983 and
bi-weekly trips in 1982 and 1984. Sediment and turbidity measurements
were also made in 1982 and 1984. Temperature-profiling was conducted
with a Martek Mark VIl Water Quality Monitor by lowering a sensor to
depth and recording from a digital display. Conductivity was also
recorded using the same instrument on most occasions. Sampling for
turbidity and TSS was performed by lowering a brass Kemmerer sampler to
the desired depth, rapturing the sample, and returning it to the surface.
Determinations were ilhen made of turbidity by R&M in the laboratory and
of TSS concentration by Chemical and Geological Laboratories of Ailaska,
inc. in Anchorage. in mid-1984, a turbidimeter was used which permitted
flow-through operation. The sampling procedure was then zmended by
pumping samples from the desired depth and either into the turbidimeter
for analysis or into a sample bottle for subsequent TSS analysis. Light
penetration measurements were also made using a quantum sensor and 2

Secchi disk.

Lake sampling was done at up to 15 different stations on the lake. An
inflatable boat was used during the open-water seasons, and winter

sampling was done through the ice.



Vieasurements of lake outflow volume and temperatures on a daily basis

were provided by personnel of the Eklutna Hydroelectric Project, Alaska
£

ower Administration, from routine records kept for the hydroelectric plant

operation. Lake levels were surveyed weekly by Ekiutna Project operators

e

and then starting in 1983 were recorded continuously by the U.
Geological Survey. Sampling of the outflow in the tailrace was undertaken
in 1984 to define the suspended sediment being discharged from Eklutna
Lake. Samples were taken twice per week on the same dates the inflow
streams were sampled. Determinations were made of turbidity, TSS

concentration, conductivity, and Secchi disk depth.

1.3 Summary of Results

Observed lake temperatures ranged from a high of about 15°C at the
surface in mid-summer to 0°C just below the ice layer during the winter.
Outflow temperatures ranged between 3 and 13°C, remaining very close to
4°C throughout the ice-covered season. The lake experienced overturn
twice a year: in May after breakup and in September or October prior to
freeze-up. Several instances were noted where temperature fluctuations in
the outflow or in the center of the lake (Station 9) could be linked to
major wind events experienced at the lake. The inflow stream's presence
as a colder, more turbid plume in the lake was detected at varying depths
on different dates, depending on its temperature compared to the lake's.
It was occasionally seen as an underflow (on the bottom of the lake) but
generally appeared as interflow (at mid-depth), and could apparently be

detected as far down-lake as Station 9, about three miles.

Measured suspended-sediment concentrations ranged from 0.15 to 570 mg/|
in the inflow streams, from 0.1 to 200 mg/! in the lake, and from 0.56 to
36 mg/l in the outflow. Peak values in the inflow occurred in late July or
early August, in the lake in about September (as a depth-averaged
concentration at Station 9), and in the outflow in late July to mid-
August. During the winter, inflow, lake and outflow suspended sediment

concentrations were on the order of 0.1 mg/l. During the summer, the
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values and were increased further following large rainfall events or

ceriods of significant glacial melt. Prominent diurnal variation was seen in

rge, water temperature, and TSS$ concentration on both inflow

itaries, especially during periods of clear weather with warm days and

e

Turbidity values generally followed the trends in the TSS concentration,
droppeing off in the winter at inflow, lake, and outflow sites and peaking
in mid-to-late summer. Values observed ranged from 0.5 to 5380 NTU in
the inflow streams, from 1.8 to 220 NTU in the lake, and from 3.0 to 46

NTU in the outflow.
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SCOPE OF sSTUDY

2.1 Purpose

o

The Alaska Power Authority proposes to develop the Susitna River's power
potential by constructing and operating dams and reservoirs at Watana and
Devil Canyon damsites in the Susitna Hydroelectric Project. The reser-
voirs effects on temperatures and suspended sediment regimes within the
oirs and in the reaches downstream are of concern for management

Y
& I'E\f,h g 4 o o d %8 - i N
o7 tish resources and other environmental issues.

The reservoirs are being mathematically modelled with the Dynamic
Reservoir Simulaticn Model (DYRESM), a state-of-the-art, one-dimensional
mode! developed at the University of Western Australia (Ilmberger and
Patterson 1981). The original version of the model has been expanded to
account for ice formation thermodynamics, circulation, and settling
properties of suspended sediment. Prior to application of the model on the
Susitna reservoirs, the model is being calibrated using data from Eklutna
Lake, a glacial lake 100 miles south of the Watana damsite and 30 miles

northeast of Anchorage (Figure 2.1).

This report documents the field data collected at Eklutna Lake from
December 1982 to December 1984 in support of the modelling efforts. A
summary table of all the lake data collected in this period is included in
Appendix A as Table A.1. As noted in the Glacial Lake Studies Interim
Report (ReM 1982a), the Eklutna data collection program was designed to:
(1) provide input data for the DYRESM model; (2) provide lake
temperature and sediment data for verification of the DYRESM model; and
(3) provide documentation of the lake's mixing environment and sediment
dynamics. Littie analysis is contained in the report as its function is to

present the data collected for subsequent analyses.



2.2 Summery of Previous Studies and Available Data

Data collected from April through November 1982 at Eklutna Lake were
reported in the Glacial Lake Studies Interim Report (R&M 1982a). Profiles
at two- to four-week intervals of lake temperature, conductivity, and
turbidity from up to 13 stations around the lake were presented, as were
daily values of inflow discharge and temperature, outflow discharge and
temperature, and local weather parameters. Suspended sediment and light
transmittance characteristics were measured at selected stations through

the year.

Background data available on Eklutna Lake and the inflow and outflow
streams include discharge, lake level, and water quality data from the
U.S. Geological Survey (U.S.G.S.); additional lake water quality data from
the Municipality of Anchorage; lake outlet geometry and outflow discharge
and temperature data from the Alaska Power Administration; and weather
data at nearby locations from the National Oceanic and Atmospheric
Administration (N.O.A.A.).

The U.S.G.S. data consist of lake inflow discharges from 1960-1962,
miscellaneous discharge measurements from 1952-1956, lake level data from
1946-1962, lake outflow discharges below the dam (rather than through the
powerplant) from 1946-1962, and stream water quality data from below the
dam from 19489-1952.

Lake water quality data were obtained for the Municipality of Anchorage
for water supply studies and have been reported by CH2ZM Hill (1981) and
Montgomery Engineers (1984).

Information on the Eklutna Project powerplant and intake characteristics
and operating data were obtained from daily records kept by plant person-
nel (Alaska Power Administration 1982-1985) and from powerplant con-

struction documents made available to ReEM.



Weather data (precipitation and temperature) are reported by N O A A.
) for the Eklutna Project powerplant 5 miles north of Eklutna

Lake and for Paradise Haven Lodge in Eagle River 12 miles southwest of

the lake, collected by Alaska Power Administration and Chugach State Park

personnel, respectively.

These background data are not summarized herein because the emphasis of

the present report is the specific period of sampling rather than for

historical conditions.
2.3 Report Format

The report provides descriptions of data collection methods, discussions of
results, and discussion of the river and lake relationships. Sections are
included in Volume 1, the Main Report, for weather monitoring, lake
inflow, limnology and lake outflow data, Sections 3 through 6. Relation-
ships of the river and lake systems are discussed in Section 7. Section 8

lists references cited.

Data of a "summary" nature are presented within the main text. This
includes plots 1+ * show how river and lake parameters vary with time or
vary with respec. to each other. The appendices, Volume 2, present the
supporting data that were used to prepare these plots. Tables which

summarize the types of data available are also included in the appendices.
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OROLOGICAL STATION AND WEATHER

segrg

>ermission of the Chugach State Park, a weather station was

on June 2, 1882, at the south end of Eklutna Lake near an

ting gravel airstrip (Figure 3.1) The station was removed December
14, 1984, following completion of the 1984 open-water season. The weather

station consisted of a "Weather Wizard” monitoring system manufactured by

eorology Research, Inc. (now part of Belfort Instrument Company) and
an Eppley Laboratories Precision Infrared Radiometer. The system
measured air temperature, precipitation, wind speed and direction, peak
gust speed, relative humidity (RH)}, solar radiation, and longwave
radiation. Temperature, relative humidity and radiation levels were
recorded as instantaneous values every 15 or 30 minutes on a magnetic
tape cassette. Wind data were processed from 15-second interval readings
by the data logger and recorded as average winds and peak gust for each
12 or 30 minute interval. Precipitation was recorded as a cumulative
amount using a tipping-bucket gage. Raw data from the tapes were edited

and summarized in tables and graphs on a monthl!y basis.

The station layout and photos of the site are shown in Figure 3.2 and
Photos 3.1 and 3.2. The sensor configurations ars shown in Photos 3.3
and 3.4,

Some of the data required for DYRESM input were not available in the data
record from the site. The nearest first-order N.O.A.A. station,
Anchorage, was used to estimate Eklutna Laxe wvalues for sky cover and
vapor pressure. Vapor pressure was compufed to fill in gaps in the RH
record and was estimated from the Anchorage values of RH and
temperature with a regression equation. Skv cover values {in tenths)

were taken directly from the Anchorage data.
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Fhoto 3.1 Eklutna Lake Climate Station site, looking NW toward FEklutna

fake.

Photo 3.2 Eklutna Lake Climate Station site, looking SE toward upper

basin.



Photo 3.3  Sensor array and solar panel, Eklutna Lake Climate Station.
Sensor array contains anemometer, wind vane, and radiation shield with

temperature and RH sensors.

S magme.en o ittt e

Photo 3.4 Auxiliary sensor platform, Eklutna Lake Climate Station.
Sensors included (left to right) are solar radiation sensor, longwave

radiation sensor, and tipping bucket precipitation gage.
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LAKE INFLOW - EKLUTNA RIVER
4.1 Methodology

Data collection sites were established on each of the two primary Emfﬁé’w
streams: East Fork and Glacier Fork of Eklutna River. On each stream,
a stream gauge was Iinstalled, and water samples were collected. Site
focations are shown on Figure 3.1. These two creeks provide the principal
inflow to Eklutna Lake, together draining about 50% of the Ilake's
1il-square-mile watershed. Elevations within the drainage basins range
from 870 to 8000 feet. The two creeks intertwine in braided channels on a
broad floodplain before entering the lake. The streams were gaged and
sampled separately, several miles from the lake inlet, as the first suitable
sections for streamgaging were upstream of their confluence. Very little
groundwater flow is expected to augment the stream discharge downstream

of the gaging sites.
4.1.1 Streamflow

Stage-discharge relationships were established for both streams.
Stevens Type F water level recorders with 30-day charts were utilized
to continuously monitor stream stages. The water level recorders
were housed in plywood gage houses on 16" diameter polyethylene
pipe stilling wells. The stilling wells were installed with 23" diameter
PVC inlet pipes which extended into the channel. Discharge values
in cubic feet per second (cfs) were calculated from mean daily stage
readings and converted to cubic meters per day (m®/d) for DYRESM

use.
4.1.2 Water Temperature
inflow temperatures were monitored continuously with Ryan Model J

Thermographs, recorded on pressure-sensitive paper charts. These

instruments were anchored tc rocks piaced in the streams such fthat
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the sensors remained submerged. Temperatures were also measured
every sampling trip with a mercury thermometer. All  water
temperatures measured with the Ryan thermograph are accurate to the

nearest half-degree Celsius.

Light Penetration

Secchi disk depths, as defined by Wetzel (1973), were measured in
the inflow streams using a disk painted in alternate quadrants of
white and black to facilitate definition when submerged. Secchi disk

measurements were reported to the nearest 0.1 foot.

Conductivity

Samples of inflow water were mcasured for conductivity at the RE&M
office using a YSI model 33 S-C-T  =ter (sample collection is de-
scribed in Suspended Sediment). «c..-eptions to this were 24-hour
sampling trips in July and August 1984 when analyses were performed
in the field. In each case, temperature was measuraed at the same
time. Using the temperature, the measured conductivity was correct-
ed to conductivity at 25°C (APHA et al. 1981).

Suspended Sediment

Depth-integrated water samples were collected for concentration of
total suspended solids (TSS), turbidity and conduclivity analyses
using a U.S. DH-48 suspended sediment sampler (U.S$.G.S, 1878).
During periods of low flow, the samples were collected at estimated
equal-discharge increments across the stream. Higher flows made this
impossible without unacceptable risk to the collector. At these times,
a well-mixed location near the edge of the stream was used. Samples
were refrigerated immediately after collection until the lab analyses
were conducted. Analyses were conducted within three days of

sampling and usually within one day.
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Concentrations were determined by Chemical and Geological
Laboratories of Alaska using standard procedures for detection of

otal nonfilterable residue (APHA et al. 1981). Filters with a pore

b

size of 0.45 microns (0.45 x ?ﬂ°3 millimeters) were used for the
determinations of TSS concentration. Particle-size distributions and
mineralogic analyses were performed by Particle Data Laboratories,
Ltd., of Elmhurst, llllincis. The size distributions were determined
by the electrozone method (Karuhn and Berg 1882).

4.1.6 Turbidity

Samples taken for suspended sediment analyses were also analyzed for
turbidity. Determinations were routinely performed within one day of
sampling. A Hach Model 16800 Portalab Turbidimeter was used for
this purpose from 1982 until August, 1984, when a Monitek Model 31
Nephelometer was purchased and used thereafter. Both instruments
measured nephelometric turbidity (i.e., 90° scattering of hght).
Standard methods for the measure of nephelometric turbidity were
followed (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.

4.2 Results and Discussion

Picts of mean daily stream discharge and water temperature for the 1983
open-water period are shown for East Fork and Glacier Fork ir Figures 4.1
and 4.2. Data for 1984 are shown in Figures 4.3 and 4.4, which plot
instantaneous instead of mean daily temperatures, and also plot

instantaneous values of turbidity and total suspended solids (TSS).
Both stream basins are heavily glaciated (54% {for Glacier Fork's 27 square

miles and 20% for East Fork's 40 square miles). The Glacier Fork

streamgage is within twoc miles of the Eklutna Glacier terminus. The

4-3



LTS s dawd Al

giacial influence is quite evident from the low summer water temperatures
and from the shape of the annual hydrographs. On frequent occasions
while standing in the stream making discharge measurements, the
hydrologists’ legs were bumped by large (several inches across) chunks of
ice floating downstream. The streamflows are characterized by very low
magnitudes in the winter and high, variable flows through the summer.
The summer rise begins in late May or early June and continues to a peax
in late July or August. Summer fluctuations are produced by rainfall or
glacial melt events, or a combination of both factors. The melting of the
glacier is accelerated by warm air temperatures and solar radiation,
especially when accompanied by strong winds. The peaks of the vyear in
1983 were particularly sharp and high. They occurred on August 8 at
each site following several days of warm temperatures, strong winds, and

intermittent rainfall.

The suspended-sediment and turbidity data collected in 1984 afford some
interesting comparisons with the streamflow and temperature plots, shown
in Figures 4.3 and 4.4. High-turbidity and high-TSS events coincide
well, with both generally coinciding with rises in the discharge. Some of
the sharp peaks on the discharge plots, however, do not appear cn the
TSS and turbidity plots, and vice versa. There are two reasons for this.
First, discharge data are plotted for every day, while TSS and turbidity
data are available only from the times sampled, i.e. twice per week.
Thus, the streamflow (Q) could rise and fall sharply between sampling
trips. The TSS and turbidity levels would also presumably have risen and

fallen in the meantime, but this pattern was not sampled.

A second factor influencing the apparent Q-TSS-turbidity relationships in
Figures 4.3 and 4.4 is the fact that the Q plotted is the mean daily value,
while the other parameters are instantaneous values. Continuous records
of water level and temperature at both gaging sites have shown a
pronounced diurnal variation in both parameters, especiaily at Glacier
Fork. Cool, clear nights reduce glacial melting and runoff and lower the

temperature of the water. Warm, sunny days promote melting and increase
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the runoff and generally increase the water temperature. Thus, levels
observed are quite dependent on the time of day. Mean daily values of a
warameter m-y be relatively uniform over a period, with instantaneous
values fluctuating significantly about the mean on a particular day.
Relationships were derived between parameters of interest to help
interpolate between the discrete sampling times. Figures 4.5 and 4.6 show
the plots of TSS as a function of discharge at each gaging station.
Instantanecus values of each were paired to develop the relationships.
The regression equations and correlation coefficients are shown on the
figures, indicating that the function is good in each case. These
equations permit estimation of stream TSS concentrations when the
discharge is known; they were used to provide estimates of daily
suﬁperﬁded sediment load for use in the DYRESM model. Computed values

of TSS are given in Appendix N.6.

A relationship between TSS and turbidity was determined. Plots for the
two gaging sites are shown in Figures 4.7 and 4.8 with their
corresponding regression equations. A fairly good relationship is again
apparent, indicating that turbidity values in the stream could be estimatc.
from TSS measurements. [t should be noted that the relationships are
somewhat different for each stream, so application of the equations should
be site-specific and are for flowing water only (i.e. not for a lake).
Differences between streams arise from differences in sediment size,

particle size distribution, shape, density, and color.

Particle-size distribution plots are presented in Figure 4.9 and 4.10 for
Fast Fork and Glacier Fork, respectively. Samples were collected on three
dates in 1984: July 20, August 28, and October 23. The median particle
size ranges between 5 and 16 microns ('iO_6 meters) at East Fork and
between 4 and 17 microns at Glacier Fork. No rationale is apparent to
explain the relationship of the three curves at either of the sites. The
Glacier Fork samples fit the pattern of decreasing median particle size with
decreasing TSS concentration, but this does not apply to East Fork.

Instantaneous discharge values and corresponding water quality parameters
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are shown chronologically in Appendix D, Table D.1 for East Fork and
-

fable D.2 for Glacier Fork. The particle-size distribution data are
tabulated in Appendix F, Tables F.1-F.6.

The wvariation in discharge and several of the water quality parameters
over a daily cycle was briefly discussed above. The significance of this
diurnal wvariation was investigated by collecting samples from each stream
through a continuous 24-hour period. Samples were taken every two
hours. The results are plotted in Figures 4.11 and 4.12 for East Fork
and Figures 4.13 and 4.14 for Glacier Fork. The first figure in each case
(4.11 and 4.13) was from sampling done after several days of overcast
weather, while the second sampling trip followed several days marked by
clear skies and sunshine. The effect is masked somewhat by a rise in
each stream's hydrograph toward the end of the "cloudy” period, caused
by the emergence of the sun. However, inspection of the two "cloudy”
hydrographs shows & very flat hydrograph between late afternocon and
early the next morning. By contrast, the two "sunny" plots have an
" obvious peak in the flow in the late afternoon or evening and a significant
drop overnight. The TSS, turbidity, and water temperature foliow

patterns similar to that of the streamflows.

Mean daily discharge values for each stream for 1983 and for 1984 are
tabulated in Appendix E, Tables E.1-E.4. Table E.5 lists the discharge
measurements and corresponding gage heights for each site, and
stage-discharge rating curves are presented in Figures E.1 and E.2.
Appendices N.4 and N.6 list the daily data for discharge and water
temperature (N.4) and suspended-sediment quantities (N.6) for input to
the DYRESM model.
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5.0 LIMNOLOGY OF EKLUTNA LAKE

W
o
ol

Methodology

o

Fift~zn data-collection stations were selected for the profiling of Eklutna
i.ake. Station locations are shown in Figure 2.1. Profiling on most dates
was done at Stations 1, 2, 5, 9, and 15, in order to sample the lake
center and the outlet end and to emphasize the inlet end. The profiling
and sampling of  Eklutna Lake  concentrated on thermal and
suspended-sediment measurements for calibrating and verifying the
DYRESM model. Data of each type are presented in the interim report
{(ReM 1982a). Additional lake data collected since 1882 include suspended
sediment and ‘ight-transmissivity data during 1984 and temperature data
during 1983 and 1984.

5.1.1 Temperature and Conductivity

Temperature and conductivity were measured with a Martek Mark Vill
Water Quality Monitor. A probe was lowered to depth and readings
were taken from the digital display. A mercury thermometer was
used ror water surface temperature measurements. A Yellow Springs
instrument Company (YSI) Model 33 S-C-T Meter measured
conductivity and temperature from 0 to 2 m, and in some cases
conductivity from 0-14 m to verify the Martek readings.
Conductivity was also measured with the YS! Model 33 on sampies
taken for TSS and turbidity analyses. The calibration of the Martek
Mark VIl was checked prior to making measurements at each station.
Temperatures were reported to the nearest 0.1°C and conductivities

in micromhos per centimeter at 25°C (APHA et al. 1981).

5.1.2 Continuous Temperature Monitoring

A string of Rvan Model J Thermographs fixed at different depths was
suspended from a buoy at Station 9 (Figure 3.1) and provided

-
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Transmissivity

Transmissivity was measured on two sampling trips (August 3, 1984
and August 16-17, 1984)  using & Sea Tech, inc., Z5-cm
Traznsmissometer. The instrument measured light emitted by an LED
(light-emitting diode) at a wavelength of 680 nanometers and incident
on a synchronous detector. The LED and the sensor were separated
by a 25-cm water path. The output signal was read directly as
volts, and percent transmittance was calculeted from the corrected

{calibrated) voltage.

Voltages vrere corrected through use of a calibration procedure spec-
ified by the manufacturer. The percent transmittance was calculated
using the following equation:

VvV = (A/B) * (X-Z)

wheare:

V = Corrected output voltage (5 VDC corresponds to 100%

Transmission in water)

A = Air calibration value {4.735 VDC)

B = Air calibration {present valus)

X = Data value (output voltage measured in water)

Z = Zero offset with the light path blocked (0.000 vDC)
Turbidity

From 1982 until August 1984, turbidity was measured from samples
obtained at various depths at selected stations each sampling trip
using a brass Kemmerer water sampler (APHA et al, 1981). These
samples were analyzed at the R&M office using a2 Hach Model 16800
Portalab nephelometric turbidimeter, normailly within one day of

sampling. Samples were kept refrigerated from collection until
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analysis. From August 1884 to December 1984 turbidity was measured
using a Monitek Model 37 Nephelometer. On profiling trips on August
16-19, September 3, September 17, and October 1 in 1984, samples
were collected by pumping from depth using a gasoline-powered
centrifugal pump and 3/4" and 1" rubber garden hose. The intake
was weighted and lowered to the desired depth for sampling.
Turbidity was measured in the field with the Monitek Model 31. A
3/8" hose was run from the pump outflow into the nephelometer
intake. Most of the flow was directed away from the instrument,
taking most air bubbles and gases coming out of the solution with it.
The pump was permitted to run long enough at the sampling depth to
ensure that the hose was emptied completely of water from the
previous depth. Samples were isolated in the instrument by wvalves,
and condensation was wiped off the sample vial when necessary before

reacling the value from the meter.

When operational, this flow-through system provided very reliable
data. Iits operation was suspended after the October 1 sampling trip
because water tended to freeze in the pump at cold temperatures.
The Kemmerer sampler was used for the remainder of 1984.
Analytical procedures for turbidity were those described in Standard
Methcds {APHA et al. 1981). Calibration standards were supplied by
the instrument manufacturers. Some differences were noted in
measuraments made with the two instruments, so preliminary values

were adjusted using an empirical correction relationship.

5.1.6 Suspended Sediment

Samples anaiyzed for total suspended solids (TSS) concentration were
obtained using the same procedures as those used for turbidity
testing, described above. Sampling between August 16 and October
1, 1984, inclusive, was performed by retaining one-liter samples from
the outflow of the centrifugal pump, after measuring the turbidity.

Samples before and after this period were collected by lowering the
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Kemmerer sampler to the desired depth. After collection, samples
were kept refrigerated until delivery to Chemical and G
Laboratories of Alaska, normally the same day as or the day after
sampling. Conc atrations were determined by the lab using standard
procedures (APHA et al. 1981). Filters with a 0.45-micron pore size
were used for the TSS determinations. Particle-size distributions and
mineralogic analyses were performed by Particle Data Laboratories,
Ltd., of Elmhurst, Illincis. The size distributions were determined
by the electrozone method (Karuhn and Berg 1982).

5.2 Resuits and Discussion

The annual wvariation of lake temperature at Station 9 is presented in
Figures 5.7-5.3 for 1982-1984, respectively. Data were obtained from the
periodic lake-profiling trips and from the string of thermographs
suspended from a buoy moored at Station 9 at the center of the lake. The
position of the lake surface in each plot corresponds to the elevation axis
on the right. The depth axis on the left gives the distance from the
bottom of the lake tc any given point in the lake or on the lake surface.
A dashed line indicates the estimated location of an isotherm. Typical of a
reservoir operated for hydroelectric power in a northern region, the lake
ievel is highest in September and October (after the summer period of high
inflow and low power demand) and lowest in June (following the low-infiow,
high-power-demand winter period). The observed annual fluctuation was
about 12 meters (40 feet), with the maximum depth at full pool about 62
meters (200 feet). The lake profile data are presented in Appendix G.
Profiles of the lake temperature for sampling trips with four or more

stations sampled are plotted in Appendix H.

Eklutna Lake exhibits two overturn periods annually, indicated by a
transition through the 4°C isotherm twice each year - while cooling in the
fall and while warming in the spring. The lake becomes isothermal at
6-7°C around October, then cools to maximum density at 4°C until

November or early December. Ice formation can begin as scon as a small
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water at the surface cools te 0°C, but this is vally delayed by
winds which keep the lake mixed and require further cocling of the
surface layer. Tining of the freeze-up is deperdent on the sequence and
magnitudes of winds and air temperatures throughout the perod; freeze-up

occurred between the first and second weeks of December in each of the

-

sast three vears (1982-84). Disappearance of ice on the lake occurred

L)

between the second and third weeks of May in 1983-85.

Observed lake temperatures ranged from 0°C immediately below the ice
surface during the winter to over 15°C at the lake surface around August
1, 1983, Timing and magnitude of the annual peak temperature in the lake
are both dependent on the weather conditicns experienced that particular
summer. 1 he primary factor would be the amount of wind experienced, as
ttle or no wind would promote formation of a2 thermocline and allow
significant warming of the surface water. The 15°C surface temperature in
1983 occurred during several weeks of little wind activity (see Figure
3.3). The presence of more frequent or stronger winds would tend to mix
the warmer surface water with the underlying cooler water. Notice the
plunging of the 7° isotherm in mid-September 1982 (Figure 5.1), which

followed several days of strong. southeast winds blowing down the lake.

The effects of the weather, especially wind, on the lake thermodynamics
are shown in greater detail in Figures 5.4-5.6. Here, a one-week period
containing a significant wind event was selected from each year and plotied
at enlarged scale. Hourly water temperatures were taken from the
thermograph string at Station 89 and shown with 30-minute or 60-minute
weather data (air temperazture, wind direction, and windspeed) for
comparison. Occurrences of the major winds produced a noticeable
response: considerable "rippling” and steepening of the isotherms

{(especially in 1983), indicating mixing in the lake.
Plots similar to the isotherm plots were also prepared for turbidity:

"iso-turbidity"” lines as functions of time and depth are shown in Figures

5.7-5.9 for Station 9 in 1982-1884. The same conventions apply with the
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elevation, depth, and lake surface on the plots as were explained above
for the isotherm plots. The number and freguency of turbidity samples
zach year are indicated to provide the reader an indication of the data

used to develop these plots.

One noteworthy feature of the iso-turbidity plots is the range of turbidity
observed (low values of 10 NTU and less in the spring and early summer
before the glacial inflow begins, and high values of 60 NTU and above in
August and late September-early October). Another is the time and depth
where the high wvalues occur. These data are for the center of the lake,
so the effect of the heavy sediment inflow at the head of the lake is
delayed several days before it is noticed at Station 9. It is interesting
that similar patterns appear in the turbidity wvalues in August and
September of both 18982 and 1984 (the data collected in 1983 may have been
too sparse to measure it then). The high values (of 60-70 NTU} first
occurred in mid-August, about 10-15 meters below the surface. The
sediment plume from the inflow stream had apparently reached station 9 at
this time, travelling as an interflow. Then the lake experienced some
mixing due to wind, and the high concentration dropped to the bottom of
the lake by mid-September (1882) or early October (1984). The lake may
have become better-mixed thermally by this time, allowing the water
density to be governed more by the concentration of suspended sediment
and to become initially stratified on that basis. Further cooling of the
surface water evidently promoted mixing of the entire lake depth, which
diluted the highly-turbid water at the bottom. Settling of the sediment

particles undcubtedly occurred as well.

Figures 5.10-5.12 show variation in light-penetration characteristics of the
jake surface water through the summer season-one plot for each vear.
Measurements of quantum extinction coefficient (in m"i) and Secchi disk
depth are each plotted versus time on their own axes. Data for 1982 and
1984 are for Station § only, while the 1983 data are from various lzke
stations because of insufficient data at Station 8. Notice that the Secchi

disk depth axis increases downward. A direct relaticnship is quite
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apparent: as the extinction coefficient increases, the Secchi disk depth
zcrerses, as one would expect. An increasing extinction coefficient
means that light is unable to penetrate as far below the water surface.
Secchi disk depths ranged from 1.2-8.0 feet, lowest in July and August
and greatest in June. Extinction coefficients varied between 0.4 and 2.3
mw, fow in May and high in August. Corresponding euphotic levels, the
depihs a2t which only 1% of the incident solar energy is available, ranged
from 1.9 to over 9 meters, for the 2.3 and 0.4 extinction coefficients,
respectively. The complete set of light-penetration data is presented in
Appendix |: Table 1.1 gives the lake measurements of quantum extinction,

and Table 1.2 lists the lake Secchi disk measurements.

Extinction coefficient was compared with Secchi d'sk depth, surface
turbidity (i.e. the turbidity in the euphotic zone), and surface
transmissivity (Figures 5.13-5.17). Figure 5.16 compares Secchi disk
depth with surface turbidity measurements, and Figure 5.17 relates TSS

concentrations with turbidity for all lake values.

Figure 3.13 shows an exponential or hyperbolic relationship between
extinction coefficient and Secchi disk depth, asymptotic to a Secchi disk
depth of zero for a large coefficient and to a coefficient of zero for a large
Secchi disk depth. The plot indicates that a Secchi disk reading could be
used reasonably well to predict quantum extinction coefficient in Eklutna

Lake, though the relationship was not determined.

Figure 5.14, lake surface turbidity as a function of extinction coefficient,
again indicates a fairly good relationship. There is some scatter in the
plot at the higher end, adding uncertainty to prediction of extinction
coefficients for higher turbidity values in the lake. There is one point
with an extremely high turbidity and extinction coefficient. This point is
for data obtained at Station 1, at the mouth of the inflow stream. Data
from Station 1 are generally very unreliabie to use in relationships between
parameters. The inflow plume was often extremely wvariable in its

horizontal position at the junction with the lake, shifting rapidly from side
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to side. In addition, the stream water immediately begins to crain lake
watar in the plume and dilute the sediment concentration. .3, if one

empts to corrzlate measurements made on a sampie taken 1 om the plume
with measurements made in situ, there is uncertainty whethar the same
water conditions are being compared; the plume may be there for the
sampling but not for the profiling, or vice versa. Station 1 data were
collected to examine the inflow dynamics and to cobserve the ranges of the
parameters experienced there, but the data were normally omitted from

regression relationships.

The plot of surface transmissivity as a function of extinction coefficient in
Figure 5.15 shows some scatter. There is a scarcity of date, but if the
data point in the upper right corner (which is from Station 1) is omitted,
a weak exponential relationship is evident. A large extinction coefficient

relates to a small transmittance, and vice versa.

The plot of surface turbidity as a function of Secchi disk depth in Figure
5.16 represents another exponential relationship. Finally, the relationship
in Figure 3.17 shows all lake values of TSS plotted against corresponding
turbidity wvalues. There is quite a bit of scatter evident in the plot
(R*=0.33), due to consolidation of the data for the entire Ilake.
Differences in the relation:hip come from differences in the time of
settling, changes in the sediment characteristics with time, and other

factors.

Supporting lake crofiling data are included in several of the appendices.
Appendix G contains the individual tables from sampling trips, a sheet for
each station on each date. Plots of lake isopleths are presented in
Appendices H and J. Figures H.1-H.20 show the temperature condition of
the lake for each sampling date when profiles were taken at four or more
lake stations. Figures J.1 and  J.2 present  turbidity and
light-transmittance isopleths, respectively, for a sampling trip in August
1884 when all 15 lake stations were profiled during a five-day period. In

Appendix K, Tables K.1-K.9 provide a summary for each month from
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6.0 LAKE OQUTFLOW
6.1 Methodology

Data on the Ekiutna Lake level and outflow quantity and quality were
obtained from three sources: 1) Alaska Power Administration surveys and
observations, 2} U.S. Geological Survey lake level measurements, and
3} ReM sampling at the tailrace. The Power Administration performed level
surveys of the lake elevation once per week until June 1983, when the
U.5.G.S installed a water-stage recorder to continuously monitor the level.
Outflow data were provided by the Alaska Power Administration, as de-
scribed below. Sampling and analysis done by R&M at the power plant
tailrace (see Figure 2.1 for location) are also described below for each

parameter measured. A view of the tailrace is shown in Photo 6.1.
6.1.1 Powerplant Data

Personnel at the Ekiutna Project Hydroelectric Plant operated by the
U.S. Department of Energy, Alaska Power Administration provided
outflow temperature and discharge data to R&M. Temperature was
measured routinely three times daily, at 0800, 1600, and 2400 hours
with a gage that sensed water temperature in a penstock within the
powerplant. Tne flow passing through each turbine was calculated
daily from production performance curves. Total lake outflow was
reported by the Alaska Power Administration in acre-feet per day and
converted by R&M to cubic feet per second and cubic meters per day
for DYRESM model input.

During May to December 1984, twice-weekly sampies of tailrace outflow
water were collected for analysis of turbidity, conductivity, and
suspended sediment concentration. Samples were collected in the
tailrace pond as close as possible to the turbine outlet ports, using
the DH-48 hand-held, depth-integrated sampler (U.S$.G.S 1878).

During freezing conditions, the normal site directly above the ports
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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 i

Turbidity analyses were performed at the R&M office using a Hach
Model 16800 Portalab nephelometric turbidimeter until August 1984,

me of analysis, which was normally within one day of sampling.

when a Monitek Model 31 nephelometer was purchased and used.
Analytical procedures for turbidity were those described in Standard
Methods (APHA et al. 1881). 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 w.th 0.43-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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linois. 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, CHZM F I (1981)
reported that the intake had to be rehabilitated after the 1964
earthquake. The lake has an uncontrolled spillway with its crest at
elevation 871 feet approximately one-half mile southwest of the intake.
The spillway has discharged only very infrequently since its

construction around 1950.
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The intake structure as replaced consists of & 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,
and the inlet channel is 100 feet wide and about 720 feet long (CHIM
Hill 1931;.

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
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chronologically in Appendix L, Table L.1, with some supplementary data
from the 1984-85 winter in Appendix P. The outflow water is withdrawn
from Eklutna Lake in the vicinity of Station 15, so lake data obtained at
Station 13 should be similar to measurements made at the tailrace.
Comparison with the isotherm plots in Appendix H shows good agreement
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 vear, 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 2 high of
36 mg/t 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 is that the

winds blowing down the lake develop sizeable waves (up to 2 feet) at the
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northwest end. These waves beat on the shoreline near the intake works

oy

and may enfrain 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.

Particle-size distribution plots are presented in Figure 6.4 for three 1984
samples of suspended sediment from the tailrace. The samples were
cotlected 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

Farticle Data Laboratories,

Quifiow 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

Hydroelectric 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 by 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 Octcber 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
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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 -

o

so they should not be directly compared with the distributions in Figure
§.4 and Appendix F. For comparison, the tables of particle-size
distributions based on count obtained from Particle Data Laboratories for
the 1884 tailrace samples are also shown in Appendix F (particle-size
distributions by PDL were determined by count and by volume). Several
measurements 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, Photes M.1 and
M.2 show TEM (transmission electron microscope) and SEM (scanning
slectron microscope} photographs of particles observed in the water

samples.
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Photo 6.1. Eklutna Hydrcelectric Project Tailrace, looking
upstream at concrete outlet port structure (winter).
Top of concrete wall is approximately 6 feet above
the water surface.



7.0  RIVER-LAKE SYSTEM RELATIONSHIPS

Time plots for 1984 which demonstrate the seasonal variation in the
parameters ano 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
Forl) and outflow (tailrace}) data are plotted from the samples obtained
twice per week from mid-May througn 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 samnles wera 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 @ about 2 weeks later and then in the outflow a week or
so after that (late August). There were also some winds in the third

week of August which may have affected the turbidity of the outflow.

7-1



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

e

=

asted almost two days and probably produced mixing in the lake. The

niss

vigh stream turbidities 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 § 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 temperaturas but with frequent variations. The
Station 9 temperatures plotted were 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 quickiy in May and June, reaching the
observed high for the vyear in mid-June. The outflow temperatures
followed a similar pattern but occurred 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, sc 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 vear

were due %o 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

i

uspended-sediment sampling. Some fluctuation is due to differences in
ampi

ing time, as was discussed in Section 4.

i

inspection of the monthly inflow to and outflow from the lake for a
one-vear 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 ocutflow for the same period. Thus, all but a very small share
of the lake inflow comes from the East Fork and Glacier Fork drainage

dreas.



TABLE 7.1 COMPARISON OF EKLUTNA LAKE INFLOW AND QUTFLOW, WATER YEAR 1984

BExlutna Lake Monthly Inflows and Outflows {acre-feet)

Month East Fork Glacier Fork Sum Powerplant

(EF) (GF) {EFSGE) Qutflow
Cctober 1983 5,500 4,400 9,900 7,300
Hovembey 3,000 1,800 4,800 8,500
Decexber 2,700 300 3,000 13,700
January 1984 2,000 ] 2,000 23,700
Fabruary 1,800 0 1,800 24,900
March 1,300 0 1,300 28,400
April 1,500 0 1,500 27,300
Hay 3,900 700 4,6C0 20,500
June 13,400 10,000 23,400 21,300
July 23,500 36,900 54,400 12,500
August 27,100 38,600 65, 700 9,100
September 7,400 8,100 15,5C0 9,000
‘ TOTAL 93,100 94,800 187,900 206,200

‘ Wotes: 1, Inflow data were measured by R&M Consultants (June-September).
Values for November-April were estimated, and October and May
values were partially estimated.

2. Outflow data were provided by Alaska Power Administration.
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